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ABSTRACT

This thesis describes the Testing system, a CAI system which monitors the

progress of a student and automatically adjusts the lesson to suit hisher understanding

of the material being presented. Each lesson is divided into three segments. The first
segment consists of questions critical to the basic understanding of the lesson, the
second questions complementary to the lesson, and the third questions supplementary.

After the first segment, the student's performance is evaluated and a decision is made
.

whether or not he, she should continue on to the complementary segment of the lesson

or go on to the next lesson. Similarly, in the second segment, a decision whether to

continue on to the supplementary segment or to the next lesson is made. Thus. a

proficient student can progress through the material quickly, a slow learner slowly.

The questions are grouped into types, and each of them is ranked as an easy or

difficult concept to provide more precise guidance for the student's improvement. An

.-.. example lesson is provided as an illustration.
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I. INTRODUCTION

Over the years, the computer has become an indispensable tool in all walks of

life. One of its important applications has been in automated instruction. It has led to

a field of research called Computer-Aided Instruction (CAI). CAI is a powerful

methodology for enhancing the overall quaiity and effectiveness of education. Many
CAI systems have been developed for a variety of knowledge domains. Experience has

shown that such systems often cause annoyance to fast learners and. at the other
extreme, discouragement to the slow ones. Moreover, since learning is dynamic and

non-uniform, it is desirable for an instructional and diagnostic system to adjust itself to

the student. This helps accommodate the student's familiarity and talents for different

topics so that an intelligent, knowledgeable student is not surfeited with redundant

information, nor a student who has extreme difficulties in a topic be dampened of

motivation.

This thesis proposes a CAI system which includes a diagnostic model to test how

well the learner has absorbed the instructional material and diagnose precisely where

the learner has difficulties. The diagnostic model being implemented here was first

developed by Professor Taracad R. Sivasankaran and Professor Tung Bui [Ref. I] and

based on the Bayesian Analysis.

The proposed system for Computer-Aided Instruction separates the questions

into three segments. The first segment consists of questions which are critical to the

understanding of the lesson. The second and the third segments consists of questions

which are complementary and supplementary to the critical segment. By separating the

questions in this manner, the system can determine after the learner has completed the

critical qucstions whether or not the student has mastered the material. The system

determines the student's knowledge by examining the number of correctly answered

questions and uses this information to calculate the (posterior) probability of the

student's ability to answer the complementary and supplementary questions. If this

probability exceeds the upper cut-off criterion, the student is assumed to have mastered

the lesson and may continue on to the next lesson. However, if the probability is below

the lower cut-off criterion, the student is deemed to have insufficient knowledge about

8
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the lesson and the system will not allow the student to continue with lesson. If the

probability is in between the two cut-off criteria, the student's knowledge of the lesson

*-""cannot be determined by the student's performance; thus, further testing,,questioning is

required. The system will then pre sent the student with a question from the

complementary segment. After the student completed the test question, the same

probabilistic anaivsis is applied and a decision is made as to whether or not the student

should answer the supplementary questions or go on to the next lesson.

Chapter 2 provides the necessary background concerning the general description

0 i' Computer-Aided Instruction, :he basics of the Bayesian Analysis, and demonstrates
".-- :he design . :hc -uestions ibr the Testing, System. For :iustration pumoses. the

questions are drawn 'rom the "Student Pilot's Flight Manual" lRef. 2]. Chapter 3

presents the diagnostic model. Chapter 4 describes the system architecture, data

structures, the detailed design and descriptions of' the Program. Finail. Chapter 5

:oncludes -ie thesis nd su2Cests i:ture directions.
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II. BACKGROUND

A. COMPUTER-AIDED INSTRUCTION

1. Definition

The term CAI (Computer-Aided Instruction) is commonly used to refer to all

aspects of computers in education. The definition of CAI has been narrowed and

considered, a distinct subject within a broader categonr termed Computer Based

Education CBE). While the actual boundaries of the delinition of CAl are stl

somewhat blurred, a gzenerai consensus of what constitutes a CAI has evolved:

"CAI is a term used to described the process of interactive teaching with the
aid of a computer. The orocess directly involves the computer in the storage and

presentation of instructional materials to the student. Both written materiai and

graphics are presented to the student in a logical manner". [Ref. 31
0 This definition, while broad, serves to distinguish CAI from another growing

field of computers in education termed Computer Managed Instruction (CMI). In

CMI. the computer is not normally used as a direct interface with the student to effect

learning. Instead, the computer is used as a management tool to assist the instructor.

The materials presented to the student in the CMI model are not of a direct

educational nature and include such things as tests and management of the flow of a

student's education. The computer is used as a gate to control student progress and to

provide extensive managerial data to the instructor to enable more individual tailoring

of instruction.

Desnote the fact that a few current authors continue to refer to both CAI and

CMI as a single entity. There are two important distinctions between CAI and CMI:
" CAI is usually performed in an on-line real time or near real time basis in order

to provide immediate feedback of an instructional nature to the student. CMI.
on :he other hand. is typically not a real time process and focuses on the batch
oprocessing i iata :br later presentations to the instructor. [Ref -]

* CAI is more intensive both in hardware and software [Ref. 51. In order to
implement a successful CAI system, students must have ready access to
computer terminal, necessitating a significant investment in hardware. In
addition, the software (which the company refers to as courseware) required to
effect a CAI is complex and long lead times and high development costs are the

rule. In contrast, CMI can be effective with only a few terrnals for joint
instructor and student use. Software development for CNll tends to be
relatively straight forward and relatively inexpensive.

-10
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2. Basic Categories of CAI

CAI can be further subdivided into five teaching strateg:es: (1) Drill and

practice; (2) Tutorial; (3) Problem solving tasks; 4) Simulation; and 5 Instructional

games [Ref. 61.

i a. Drill-and-Practice

' The user is assumed to have already learned the basis of the material to be

presented through traditional classroom lecture techniques. The goal of computer is to

cement the retention of the material by repeated practice and exercise. This method
-provides the student .itn the capability to work through the large array of problems

and to deciop an 1ntu:t,e nuerstaocing ot ne procedures used. Re, ,

Dri!l-and-Pract'ce prcrams tend to be organized linearly with a brief

uct follo,.ve .e re erttaticn of a series of problems or solution step. A

series at"-,.eee -re s ... -rovided frcm outside material by the student
t .rou ...a~r~ ...... .... e. norarn. The latter method is more flexible

and provides for more student in'.%oement. The embedding of the actual problems in

the software si niflcantiv restrcts the score of the program and requires extensive

mantainance to change ""e r .m sets. Drill-and-Practice type software is

panicularlv wel' suited to courses vhere .a repetitive practice is required to learn a skill

or a concept. The linear sequencing of solution steps for many mathematics and

statistical problems can eas.lv be accommodated usina the Drill-and-Practice strategy.

b. Tutorial
The tutorial strategy encompasses a great deal more than the relatively

simple Drill-and-Practice strategy. Whereas Drill-and-Practice programs serve as an

adjunct tc the instructor, tutorial programs strive to replace the instructor as much as

possible. Logical dialogue between the student and the program about specific

problems is the hallmark of this strategy. These programs are typically capable of

detecting not just simple calculations and data input errors, but also errors in reasoning

by the student. Extensive feedback is provided to the student to assist in correcting
":ose erro'rs. Ref: K

The tutorial strategv is most often viewed bv the layman as the epitome of

what a CAI should be. The vast majority of the early large scale endeavors in the field

of CAI were of this type. As computer technology has advanced, improvement have

* . been incorporated into the tutorial strategy and it remains the most preferred of CAI
S.. methods. This technique can be tailored to fit most any learning situation but it excels

ting complicated conceptual skills. [Ref. 91

i. 11
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c. Problem Solving Tasks

This strategy encompasses programs which are written to solve certain

selected problems in a specific area. This is the least well defined of the five strategies

presented in that a wide variance of the sophistication can exist between different

, programs within this strategy. This strategy places no boundaries on the various

applications or level of difficulty of problems. In general, these programs tend to be

more solution oriented and less concerned with developing computazional or

conceptual skills of the student. Most applications within this strategy parallel the use

of a simple calculator: however, in this case, the programs have the ability to solve
probiems of far greater complexity. This strategy is well suited to quantitative courses

which are primarily interested in the final solution and not the methods or techniques

to derive the solutions. [Ref. 10]

d. Simulation

This strategy is generally used for the generation and manipulation of data

or the repetitive cycling of a model when environmental factors preclude normal

methods. These environmental factors include limitations of time, money or

equipments; and various safety considerations.

This strategy is based on the mathematical manipulation of complex

modules which places the student in a controlled real life situation. Most programs of

this type allow the user to input a series of parameters and process these. in a

compressed fashion, through the module. The resultant information is displayed for

user perusal and may include pertinent comments to key the student to significant

data. In general, no learning path is predefined. Instead, the student is allowed to learn

through actual manipulation of these processes. These types of program are frequently

used in statistical analysis and can be very effective learning tools. Concepts learned via

this strategy are likely to be retained by the student longer. [Ref. I 1]
e. Instructional Games

The distinctive feature of this strategy is an attempt to use a student's

competitive nature to achieve certain learning goals or skills. These programs most

oten pit the student against the computer in a win-lose situation in an effort to hold

the student's attention and interest. Creative programming skills are required to make

this strategy effective as a learning tool. This technique is ideally suited to elementary

level education.
4'.-..
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This thesis demonstrates Drill-and-Practice strategy. The Testing program

is organized linearly with a brief introduction followed by the presentation of a series
of questions in a domain of knowledge (field of aviation). The Testing makes use of
Bayes' Theorem to adjust a lesson being presented to suit his, her understanding of the

lesson.

B. BAYESIAN ANALYSIS

Bayesian analysis is concerned with the basic problem of assessing some

underlving 'state of nature" that is in some way uncertain. On the basis of whatever
evidence ioes exist, some action or actions are to be chosen from among various

possible alternatives. In some cases, the task of the investigator will be that of
statistical inference, the only action to be taken being the acceptance or rejection of

some hypothesis. In other cases, the actions will be the implementation of various

possible decisions such as that the outcomes of these decisions depend upon the

unknown state of nature. [Ref. 121
The basis for Bayesian Analysis is the Bayes' Theorem. this theorem provides a

very powerful tool for statistical inference, especially when pooling informations from

different source is appropriate. Thus. prior information resulting from economic theory
and, or from previous (real or hypothetical) samples can be combined with the

information 'embodied in new observation, and this operation can be performed

formally, within a rigorous mathematical framework. [Ref. 131
Bayes' Theorem can be explained in simple terms as follows. Assume that there

are two events A and B whose joint probability density function is given P(,4,B). Then

P(B A) P(A), ."P(A, B) =(eqn 2.1 F)
+ ,:P(B, A) P(A) - P(B, A') P(A')

where A' represents the complement of the event A (that is, "not A") [Ref. 141.

Notice :hat in the above equation there are two inputs under the form of'

probability density. The first input is the marginal probability density p(A) which

defines the knowledge of event A prior to an observation. The second input is the

probability density of the event B conditional upon the occurrence of event A, i.e., the

probability that event B will occur given that event A has already occurred. This latter
, probability density provides an additional information of the event A in the form of

1** 13

% . . . . . .



conditional probability density for event A under the assumption that event B had

occurred, and the above equation provides a way in which to adjust the probability of

the occurrence of event A in a rigorous manner.
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III. A BAYESIAN DIAGNOSTIC MODEL

A. ASSUMPTIONS

Assuming that the student has completed the study of the domain material and is
ready to be tested upon his level of assimilation. At any point during a diagnostic
session, the probability that the student will answer the remaining queries correctly

depends on the proportion of the past queries on the same topic answered correctly.

We :urther assume that the domain knowiedge being imparted to the student is
decomposable into blocks of concepts"ideas, so that levels of knowledge about various

blocks of the domain can be independently measured. Blocks can be based on chapters

outlined in textbooks.

B. THE DIAGNOSTIC MODEL

* The proposed diagnostic model is illustrated in Figure 3.1. The model:

1. Formulates hypotheses about a student's strengths and weaknesses regard to
various concepts/ideas in a specific block of knowledge domain.

2. Tests them using a set of carefully compiled questions.

3. Derives conclusions about the student's problem areas.

It has six steps to complete the above three functions. First, the hypothesis that
the student is more likely an average student than either very bright or very poor is set.

In the second step, a block of concepts/ideas is selected out of the domain that the
learner is to be tested upon. A series of critical questions related to that block of

-2. concepts is then presented to the student. In the fourth step, as explained later in C,
depending on the number of queries correctly answered, the hypothesis can either be

rejected or not. If the hypothesis is not rejected, the process of querying the student
with additional questions about the same block of concepts is repeated. On the other

hand. if the hypothesis is rejected. we move to the next block for either of two reasons:
() the student is far brighter, or (2) the student is far poorer than the average student.

'C-' This avoids irritating the bright student by asking too many questions and at the same

time avoids discouraging the poor student as well. At the end of the session,

, appropriate conclusions are made about the degree of proficiency the student, his

strengths, weaknesses, misconceptions, and remedial strategies are suggested.

15
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Set Hypothesis: Student is average

Select Concept to be Tested

Quer- Student about :he Concept

Verif- Hypothesis

Case 1: Hypothesis is true

Continue query

Results

Case 2: Hypothesis is false

Select next concept

(Student Very Strong)

Case 3: Hypothesis is false

Select next concept

(Student Very Weak)

Make Conclusions

(At End cf Session.)

____ "Figure 3.1 The Diagnostic Model
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I

The power of the model lies in its ability to adapt a diagnostic session to the level

of knowledge of a student automatically by limiting the type and numbers of questions.

This is shown by the loops connecting step 5 to step 2 and step 3. If the initial part of

a session strongly suggests that the student is knowledgeable about a certain concept,

then the model skips the remaining part of the session and moves on to the next

concept noting its conclusions on a global variable. The global variable forms a

" dynamic workspace and acts as a scratchpad. It enables the diagnostic model to create

and store inte-mediate observations about the student performance. On the other hand,
if the student is average, the entire session is offered. When all the concepts are
exi-austed, the Results component global variable) is consulted and detailed diagnostic

about the student's strengths, weaknesses, misconceptions, etc., is made and

prescriptive measures suggested. [Ref. 151

C. THE BAYESIAN APPROACH TO DIAGNOSTIC MODELING

It was noted that the first and fourth steps of the diagnostic model comprised of

formulating and testing hypothesis about the student's level of knowledge. Since there

are looping between step4 and step3, step5 and step2, and step6 and step2, depending

on the proficiency of the student, it is possible that the formulation and verification

steps will be executed several times sequentially. While a student is tested upon a

concept using short independent questions, it becomes necessary to update the

hypothesis at the end of each cycle through the loop. We consider the Bayesian

statistical techniques to be appropriate and viable for such sequential updating of

hypothesis, since they can based on the set of the latest finding during a session,
thereby exploiting the techniques as a means of operationalizing the diagnostic model.

Before one can use the Bayesian approach, it is necessary to impart a few

structural characteristics to the domain being tested upon the student. To achieve this,

we shall proceed as follows. Let there be N blocks of concepts in the knowledge
domain that are to be tested upon the student. Focus on the first block, say C1 . Let

-'. there be at most M questions related to C1 that may be posed to the student to test his

.. expertise about tiie block. We shail divide the M questions into three groups, the first

*'.. containing .1!, critical questions, the second containing .1 2 complementary questions,

and the third containing MI3 supplementary questions. The critical questions are those

which are advanced in nature and cover all the important aspects of the block
thoroughly (question 1 through 14 in Appendix A). In any diagnostic session with a

' student all the critical questions are always presented. If the student answers all of

17
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them correctly, we presume the student need not to be subjected to the remaining (M-

I M 1) questions and is good enough to be tested upon the next block of concepts. The

complementary quevrions are those which cover the non-critical yet important aspects of

the block (question 15 through 30 in Appendix A). We presume that a close to perfect

score in the critical questions combined with a perfect score in the complementary

. uest,,ons is once again an indicator of sufficient mastery over the block under

" consideration. Tie supplementary questions form the set of least advanced questions

about the block (question 30 through 45 in Appendix A). They are repetitious in

n-ture 'n that they do not cover any new aspects about the block. They merely split

: ie cttcal and complementarn questions into its elementary parts easv enough Cbr the

student to handle. The supplementary questions are meant to be posed to the student

only if the performance in the critical and complementary sections has been poor

--nu, to warrant them.

In introducing the Bayesian analysis into the above domain structure, we need to

mate assumptions about the prior probabilities that form the first set of estimates

* about the level of knowledge of a student in the knowledge domain, and a first guess of

our initial degree of conviction about each of these assumptions.

The following two strategies are suggested to generate the prior probabilities. In

the first. we presume that there is no real way one can estimate the level of knowledge

of a student beforehand and hence we postulate that the chance of the student being

proficient or ignorant is fifty-fifty. Equal probability reflects complete uncertainty. We

wti refer to this hereafter as a fifty-fifty assumption. We shall denote this prior

probability by Pu 0.50. The subscript u is chosen to indicate an uninformed opinion.

In the second strateg, we assume that one way to estimate the level of knowledge of a

t~ u....:s to seek an estimate from an expert human instructor in the knowlede

domain. Alternatively, it might also be determined by examining how the students

have performed in similar tests historically. We shall denote this prior probability by

using P. The subscript x is chosen to indicate an expert opinion. Historically, if

,tuu.nts'-ave secured a grade B average in a particular knoxlcdge domain, one can
attribute a starting pro babiiity value of say, 0.80 for P ." Further, we assume that our

degree of conviction in the uninformed versus the expert opinion is a to b where a and

b are weights. We can express this in probability notations as P(Bu = a (a-b), and

P(Bx) = b a - b, where P(Bu) denotes the strength of belief in the uninformed opinion

and P(Bx ) that in the expert opinion.
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Let Adenotes the event of begining a diagnostic session by asking the student

*M~ questions about C1I and the number of questions correctly answered be RBefore

continuing the session with the remaining (N\-I If) questions, we first revise our earlier

opinions about the expert (i.e., P(Bx() ) in the light of the new evidence gathered from

the diagnostic session so far (A1 The mathematical for mulation is shown below.

-- P(A 1 Bu %11) (PuR1  (~ 1_PN 1  (eqn 3.1)

PVA 1 Bx) k P 1 -R (IPX eqn 3.2)
\RI) P Lx

* .-\plivL z Bayes Theorem,

P(BU A and P(B~ A1 ) can be derived as follows:

*P(Bu,/A) - Bu)( l/U) (eqn 3.3)
P(Bu)P(Ai.Bu) + P(BX)P(AI:'Bx)

and

P(BX A.\j) 1 P(B~, Al.) (eqn _1.4)

P(Bu A I)and P(Bx'A1 )I represent the revised degree of confidence in the initial

h,;poth-eses given that the student had cor-rectly answered R1 out cf NI1 clues-icns.
r Jr.~~~~I the light of the ne findinizs, there are two osIbeotnsOn sousa

cut-off vaiue for P(B. A\p1) say alphia. Alpha is the minimum strength of' he.':f in the

expert opinion that is required to conclude that the student's ability- to do a test is

good. Thus, if P(BXI'AI) > = alpha, we may conclude that the student is

*knowledeable enough inC 1 and not pose the remaining I-%Il questions. We can

avoid exasperating a good student by asking far too many questions in a Field hie
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appears to be well informed. We can store our conclusion about the student in the

Results component and proceed with the remaining blocks of concepts in the domain

in the same fashion.

Conversely, if the cut-off criterion P(B,'AI) > = alpha for a good student is not

met. it leaves us with two other possible inferences about the student. One is that the

student is just an average student as was anticipated under one of the assumption, the

other possibility is that the student is far poorer. We may want to make a conclusion

about which of these categories the student belongs before proceeding with the M-M I

questions. In -act, we may choose to spare a poor student from these questions to not

:urn :ne cnthusiasm off prematureiy. To distinguish zhe poor student from the average

one, we propose using a second cut-off criterion P(Bx'AI) < = beta. Beta is the

minimum strength of belief in the expert opinion required to discern poor students.

Thus. if P(B A1 ) turns out to be below beta, one might skip the remaining (M-M 1

questions and move to next block. The conclusion that the student is poor about the

concept block is stored in the blackboard for future reference.

0tt The other opinion arises if P(Bx, AI) falls within both cut-off criterion. In this

case, we continue questioning with the set of M 2 complementary questions and repeat

the procedure. If the revised probability does not meet either criterion again, the

session may be continued with the set of M 3 questions. On the completion of a student

session, bv assessing the remarks stored on the Results component from time to time

during the session, detailed diagnosis can be made about the level of proficiency of the

student and intimated to him along with remedial suggestions. [Ref. 16]

D. EXAMPLE OF BRIGHT-STUDENT PERFORMANCE

Let us assume that after a detailed analysis of the knowledge domain an expert

instructor in the domain came up with 25 (i.e., M = 25) questions about the various

aspects of the block. Let these 25 questions consist of 5 critical (M 1 = 5), S
complementary (M 2 = 8), and 12 supplementary (M3 = 12) questions. Let two of the

starting assumptions be: (1) the odds are even a student is knowledgeable or ignorant

atiout :he biock of'domain, or Pu = 0.50; (2) since historically students in the domain
have done better, it is more likely Px > Du hence say = 0.70. Further, we shall

assume that our level of confidence in these two assumptions (Pu and p.) is I to 4.

,We can express this in probability notations as, P(Bu) = 0.20 and, P(Bx) = O.SO. We

shall further assume the critical cut criteria, alpha and beta are 0.90 and 0.40

respectively. The following scenario demonstrates some practical implications of the

proposed diagnostic model.

20
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Suppose :hat when the student was asked the critical set of 5 questions. he

answered 4 ccrrectly. Let A1 denotes this event. We have now to make a decision as to

whether the student is bright or poor enough based on this performance and whether

or not we should continue with the remaining 20 questions at all. To do this, we first

compute P(A 1 B) and P(A 1 iBx) using equations 3.1 and 3.2.

.5-4

P(A, Bu ( (.5) (1-.5) 0.156 (eon 3.51

/5 ~4 5-4
P(AI Bx  - )(.7) (1-.7) 0.360 (eqn 3.6)

From our initial assumption about the strength of belief in the uninformed and

expert opinions, we have

P(B = 0.20 (eqn 3.7)

P(B x ) = 0.So (eqn 3.8)

A pApplyin2 the results of (3.5), (3.6), (3.7), and (3.3) in equations (3.3) and (3.4).

we get P(BU Ao) = 0.09S and P(Bx.'A 1) = 0.902.

Companng P(BxAI) = 0.902, with the criterion alpha = 0.90. we reject the

assn-:on 'hat the student is average. One can also note that our level of confidence
bctween P(Bu an P(Bx) has improved from I to 4 to I to 9.20 in the lizht oC the

session "ith the students. The conclusion here is that the student is above average. In

this case we suspend asking further questions about the block of concept in

consideration to the student, and proceed dircctlv to the next block of concepts.

T. e :act that student was well knowledzeabie about a biock of doman :s also

noted in the Results component so that at the end of the entire diagnostic session.

consoiidated comments about the overall level of proficiency of the student in the

knowledge domain may be made.
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E. DEVELOPMENT OF QUESTIONS FOR THE TESTING SYSTEM

In order to demonstrate how the proposed system of this thesis works, the

questions used in this study are drawn from "Student Pilot's Flight Manual" [Ref. 17].

This book is arranged into five chapters: (1) Partl- Before The Flight; (2) Part2- Pre-

Solo; k3) Part3- Post-Solo Maneuvers; (4) Part4- Cross-Country and Night Flying; (5)

PartS- The Written and Flight Test [Ref. 2: p.5]. For purposes of testing the utility of

the system with question sets, only "Partl- Before The Flight" was utilized and divided

into seven ideas (1) Starting to fly: (2) The Airplane and How It Flies. (3) Cockpit-

Instrument and Systems: ta) Preffight-Check; (5) Starting the Airplane; (6) Taxiing; and

Pre-Take-off and Cockpit Check. It should be noted that the other questions sets

could be easily developed from other chapters or other texts for basic and advanced

flight training. The Testing System demonstrated here may also be applied to other

suect areas in which selftesting and self-evaluation is desirabie.

Forty-ive questions are extracted from the above text book. According to the

Bayesian Diagnostic model explained in Chapter 3 of this document, these questions

are separated into three sets. The first set consists of 14 questions which are considered

critical to the understanding of the chapter. The second and the third sets consist of 16

complementar, questions and 15 supplementary questions respectively. The first and

the second sets of questions cover all important aspects about the chapter and the

third set of questions does not cover new aspects about the chapter but reinforces

*.. already introduced concepts. However, the proposed model explains this concept in

more details.

The forty-five questions are grouped into three types. procedural. calculative, and

-h'. sical ouestions. Each ,:uestion is ranked as an easy or difflcult concept. which can

be deterrniined by. he system. The purpose of this technique permits the Testing

Sys'em to analyze in detail the specific level of the students difficulty in each testing

area, and provides more precise guidance for student improvement. The questions are

presented in Appendix A.

22.
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IV. TESTING: A PROTOTYPE OF PILOT KNOWLEDGE EVALUATION

A. TESTING SYSTEM ARCHITECTURE
The Testing System is a CAI tutorial system with a diagnostic monitor that

makes use of the Bayesian model described in Chapter 3. Testing is implemented in the

knowledge domain that forms part of study in the field of aviation. The architecture of

Testing is shown in Figure 4.1. The Testing System consists of four components: 11

Inference Engine: 2 Data Base; k') Temporar,:• Results: H Historical Data.

Student
°

Inference Engine:

Control Strategy Data Base

Temporary Domains of Questions:

Results knowledge -- Critical

Complementary
Supplementary

Historical Diagnostic

Data Monitor

Figure 4.1 Testing System Architecture

The Inference Engine holds information about the concepts in a domain of

.knowledge(field of aviation). It also contains the control strategies to access the other

components in the system as well as the student user. Above all, it accommodates the

Diagnostic Monitor that contains the proposed Bayesian Model.

23
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The Data Base consists of a bank of critical. complementary, and suppiementar-v

questions on the various concepts represented in the dom ain of knowledge (Flxld of

aviation) for this prototype. Examples of such questions are shown in A\ppendix A.

The Temporary Results component stores results after each question and

essentially acts as a scratch-pad. The results are discarded once2 'cu exl,- the programn.

The Historical Data component holds arny data albout the student s performance in

e ach test that are needed to be kept. for future use. With this component. Testtn= can

oieternu ne "ifthe student's performance1 is better or wvors- than the pre%,,ous one.

B. DATA STRUCTURES
For e.fticient operation the progam should not b-e stren~ing a ot of-tmet

search for the data needed to be presented to the student. Th'e -equ~red questions need

tO re I nMemory In a data structure- that allow ci;:ck access. The met-cd I,,, which

noc~s :concents arii :ceas are numbered is aiso irnoortant.

In this thesis, a logical tree structure was us,-- ti store- ;- cest ons oank a s

showvn in Fizure 4.2. It is impolemented with the use of menus.

Roo .:el of concept

2 2 , Bco.vt Leve..

2 3

Chanter Level

Figure 4.2 T he Logica! Tree StructLure of The Questions K- K
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The root node represents the domain of knowledge (field of aviation). Figure 4.3

represents the root node.

WELCOME TO THE FIELD OF AVIATION

Figure 4.3 The Representation of Root Node

,'""-. r " ot. ec' ::os the com:nand -o continue "press any Key to

•-contz'.ue, .he sne is~oo "O "o the next level which is book concept level. The menu of

book concept is then presented (Figure 4..4.

0 PLEASE SELECT ONE OF THlE FOLLOWING

I.-. ....... STUDENT PILOTS FLIGHT MANUAL

2 ..... PRIVATE PILOT STUDY GUIDE

..... INSTRUMENT FLIGHT RULES
0 ..... for " QUIT " (exit program

(type only number you want )

Figure 4.4 Menu of Valid Concepts in The System

The user student can choose one of these nodes which is the book concept n:'umber.

Aft er the user student selects a number (node), he. she is going to the next level of

chapter, and the menu of chapter is presented (Figure 4.5),

The user student may aamn choose one of the nodes which is the chapter number.

Each node ;number in this ievel represents chanter of the selected book vhhcn

contains :est questions. We see that, The number of books is the number of childrcn of

the root node (field of aviation). The book'concept is the parent of the chapters and

the number of chapters is the number of children of that book, By using tree structure.

choosing any chapter to test is like traversing downward the tree from the root. The

STesting program handles a domain of knowledge (field of aviation) with S concepts and

25
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STUDENT PILOT FLIGHT MANUAL"

SELECT ONE OF THE FOLLOWING

TYPE I ..... for PART - ONE

TYPE 2 ..... for PART - TWO

TYPE 3 ..... for PART - THREE

TPYE 0 ..... for SELECTING ANOTHER CONCEPT

Figure 4.5 Menu of Valid Chapters

3 chapters in each concept for an illustration of the logical tree structure. It was

decided to use text files to store questions; each file contains questions, correct

answers, categories of questions and comments for each test (see Figure 4.6 for

explanation).

In order to store the student's performance, an array of records is used, and

stored in main memory by defining it as a global variable. One record per chapter/test

contains all student's performance about that test. It contains fields for how many

questions in the test and, in each category of question, the number of correct and

incorrect answered, number of questions completed, the names of concepts and ideas,

and also detailed performance in each category of questions ( see record Chap in

Appendix E ). The variable Chapter (see Appendix E) is of type array. Each element

of the array contains one record of student's performance to be used by the program to

diagnose the student according to the proposed model and to provide scoring and

.[ commentary at the end of the session.

C. TESTING SYSTEM CONFIGURATION AND DESCRIPTION

The test subject chosen was Pilot Knowledge Evaluation. The program Testing
is written in Waterloo Pascal on the IBM mainframe (IBM 3033 AP). The program as

presented is designed for a pilot or student pilot. The student'user is assumed to have

already learned the basics through traditional classroom lecture techniques or by

himself and now needs to test his/her knowledge. Questions about various concepts
are stored in the Data Base component so that the student, user can select any concepts

which he,'she has already learned and be evaluated as to whether or not he; she has

26
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absorbed the instructional material as well as to be diagnosed as to where he she has

-( difficulties. The user is only required to know the minimal knowledge of how to

operate a computer terminal.

As the student is going through the test, his her performance will be recorded in

the Temporary Results component. and (after a certain amount of questions have been
asked which are required by the control strategy), the system will determine the

probability of his her ability to answer the rest of the questions. If this probability(P)

exceeds the upper cut-off criterion (A = 0.9), he she is assumed to have mastered the

esson. He she :s exempted f;om :inishing that 'esson. and may continue onto tne next.

11, the orotxiitv .s cciowv te .ower cut-ofI r:ter:cn B = ,.-. ire sie s deemed -o

have insufTicient knowledge about the lesson. The control strategy will either suggest

the student restart that lesson again or select another concept to study. If P is in

between the two cut-olt criteria. he she is assumed :o 3e avera.e. us. :urther

questioning is required. At -he end of' the session, when the student wants to ex:t the

program, appropriate conclusions are made about the degree of proficiency of the

student, his hier strengths, weakness, and misconceptions, and remediai strategies are

-. - suggested. Appendix B and C demonstrate Testing.

'.-. D. TESTING SYSTEM DETAILED DESIGN AND DESCRIPTION

1. Design of the File

The question set for each test is designed as a separate text file. When a

student selects a test, a specific text file contains only questions for that test is called.

As explained early in Chapter 3 (Development of questions for Testing System), the

,auestions are: (1 separated into 3 sets: critical. complementary and supplementary
. questions: i2t grouped into 3 types: prccedural, caiculati,'.e m :hSicai cuestions;

deteruned individua:lv by the system as an easy or difficult question. These questions

cover seven aspects of "Partl- Before The Flight", in "Student Pilot's Flight Manual"

[Ref. 1Sj. The design of this file is shown in Figure 4.6.

in Figure 4.6, the line under the correct answer contains one number and two

characters. FUie firsz "icit indicates ,for the aocove iuest:on, .c of the se'.en areas

K2.,. the ques':on refers to ;Partl- Before The Flight}. Codes for these areas are shown in
Figure 4.7. The character following the first number identites tl-', quc.'st:on type,

Ak procedural, or calculative, or physical question. Codes for these types are shown in

Fizure 4.8. The last character on the line under correct answer indicates the above

question is considered an easy or difficult one ("e" stands for an easy question. '

S--

• ,,

" -'

nn, *,,

o.,

-;.,



File FilelI Text AlI
.45 {~*number of questions in this file *

14 (* number of critical questions )

16 '~number of complementary questions *

15I number of supplementary,, questions *

.1............ 3ody of Question *) ....

1................

2..(* Four multiple choices *

...........................

S i~symbol indicates end of questionl *

* 2 correc-t answer *

-se (*to be explained *

corrment & suggestion for question 1 no more than one line*).

2) .................................

.....................................

2.........................

3 .........................

............................

3px

*( comment & suggestion for question 2 no more than one line*).

Figure 4.6 The Design of File Containing Questions
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stands for a difficult question). For example, "2se" on the line under correct answer in

question 1 of Figure 4.6 means the above question is in the area of "The Airplane and

How It Flies" (2), it is a physical question (s), and considered an easy one (e). An

example of this file and questions are shown in Appendix A.

Codes a Meaning

" ".. Starting to Fly

- "" "..The Airplane and How It Flies

'" .. Cockpit-Instrument and System "

"4" .. Preflight Check"

"5" . Starting The Airplane

S"6" "Taxiing
S"" ".. Pre Take-off and Cockpit Check

Figure 4.7 Codes for Areas in Part I- Before The Flight

Codes # Meaning

"p "Procedural question "

-" .Calculative question "

s Physical question

Figure 4.8 Codes for Types of Questions

2. Description of Operation and Examples

The proposed program was designed using a top-down stepwise refinement

methodology. Figure 4.9 shows the steps of operation in Testing.

., -'The operation of Testing begins with a students need to test his'her knowledge

of a concept which is provided in the domain of knowledge (field of aviation prepared

in the system). The student is provided a listing of concepts, which gives himher a list
of valid ideas provided in the system. Figure 4.4 shows the menu of concepts.

29

. . . . . .Oi..



NoSelect N

chapter?

Iyes

critical questions

Conclusions Evaluate No

S complementary questions
OP 17

< Evaluate 

N

supplementary questions

P =Pro'Labilitv of
stulIent's abilhtv
o answer questions

A =, L4per cut-off criterion = 0.9
B LO Loer cut-off criterion = 0.4

Figurc 4.9 Testing System's Flow Chart



Once the student entered the desired concept to test upon, information about

the test's processes is presented. This gives the student some idea of what is going to

be presented during the session. When the student enters the command to continue

("press any key to continue"), the list of chapters within his,her selected concept is

provided so he she may choose the one that he,'she wants to work on. A sample list is

shown in Figure 4.5.

The very last step of the system is presentation of the final score and
comments which is made after the student enters the quit command ("type.. 0"). This

shows the student's performance in the test (mistakes that he; she made and percent

grade in every aspect of the selected chapter). If the percent grade in any aspect is less

than 50. the system gives notice to the student of his. her mistakes and areas of

difficultv. The system also records the student's performance permanently in a

: iszorical die For Future use (student ID=, name, date. and zrade in everv test).

Previous historical 'data is provided so that the stucent will know his her status to date.

Examples of score and :ommentarv are shown in Appendix B and C. Appendix B

demonstrates the performance of a bright student, Appendix C demonstrates the

performance of a weak student.

z-.
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V. CONCLUSIONS

A. DISCUSSION OF THE RESEARCH

In this thesis, a modification of the standard CAI system is presented. This

modification is unique in that it combines the standard tutorial strategy of CAI and the
Bayesian Anaivsis to tailor a lesson to better suit the student's ability or proficiency in

masterin2 the subject being taught. It demonstrated the feasibility and benefits of

usir an intelligent CAI system to assist learning strategy in any domain of knowledge.

The use of Pascal as a practical language for the intelligent CAI systems was shown.

,. The benefits of Testing are:
* Pr-ovides a simple approach.

" Easy zo Jevelop and impiement.

* Suited to courses where a repetitive practice is required to learn a skill or a
concept.

.Allows a student to work through a large number of problems to gain an
intuitive understanding of the solutions procedures.

,- . * Uses little core memory, runs fast, and can be used in portable microcomputer.

* Provides self-testing or self-evaluating.

* Reduces the instruction time of bright students.

- * Provides the slow ones to progress along at their own pace.

* Accelerates the learning process through identification of weak areas.

B. TESTING SYSTEM LIMITATIONS

Testinz is a prototype program that was designed to demonstrate the concept
that an inteiligent CAI system using the Bayesian Diagnostic model could provide

valuable assistance in tutoring the student to learn the lesson. This prototype program
- -demonstrates concepts in the field of vvvation in which the author has experience.

Due to ime Jmitations. the Festn., program was developed using, a irruted

number of concepts and test questions. One test question set has been made from

Chapter 1 of "Student Pilot's Flight Manual" [Ref. 19]. The program was designed to

handle 3 books (see Figure 4.4) with 3 tests in each book. With this designed, it was

" possible to demonstrate the functions of the proposed model. Since this program was

written in Waterloo Pascal on the IBM mainframe IBM 3033 AP). it can be used in
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some personal computers, if the program is rewritten so that it can be used on more

personal computers. It will be more practical for some small organizations to use this

V. syetem. Another limitation is this program is not graphics-interfaced which would help

the user student in learning. The system could display pictures to describe some ideas

- ." that cannot be done well by text.

* .C. FUTURE PROGRAM IMPROVEMENTS

The purpose of this document is to demonstrate the proposed model in Chapter

3. With ,he time !imitations. the program handles only a few concepts. The data
structures used in the program are arrays. records, and files. The program can ke easily

modified to handle many more concepts by increasing number of arrays to store the

records of student performance. It is easy to increase the arrays of records by changing

the global constants such as maxbook, and naxparr (see Appendix E) that indicate

maX:mum numoer of concepts and maximum number of :ests in a concept respec:tve-.

The Thsting program is composed of oniv a few modules or procedures. It is easy fbr
* ,an experienced programmer to understand the functions of each module. It would take

only a few days to develop Testing program to handle more concepts. The major tasks

are to do some changes in those procedures that determine which concept is selected

by the user: student and present him, her with the test questions. The procedure

Booklist. Beginsession, Wharchapter, and Selectchapter must be modified by adding

numbers that identify the concepts in the same fashion as previously done (see

Appendix E). The only time-consuming task is to develop the questions for the

concepts that are needed. Time to complete the questions is dependent on how many

concepts are required and the people who develop the questions.

F r etter program improvements, a !inked-list representation is recommended to

store the student s performance instead of arrays. One advantage of a linked-list

representation over the arrays used in Testing is that less memory space can be used.

For better tutoring, a graphics interface is recommended.

S. 
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APPENDIX A
ILLUSTRATION OF QUESTIONS USED TO DEMONSTRATE TESTING

SYSTEM

- The following questions are drawn from Student's Pilot Flight Manual.

45
:4

1" Which one of the following statements is correct concerning 'torque"
: orrections "U.S.-bullt enaines)?

......... n a climb, ieft rudder is necessary to keep the airplane
straight.

2 ..... In a climb, right rudder is necessary to keep the airplane
straight.

3 ..... In a dive, right rudder is necessary to keep the airplane
straight.

4 ..... When -power i.s added abruptly, zhe airplane will tend to
roli to the right.

2se
' Torque' see chapter 2 ,fig. 2-9, SPFM.

2) Which one of tle following statements concerning the Four Forces
is correct?

1..... in straight and level flight, all Four Forces have
2.'"' equal values.
2" ..... In a climb, lift is reater than wei ht.
3 ..... In straight and levey unaccelerated flight, thrust is

greater than drag.
4 ..... Lift acts perpendicular to the relative wind, whether

the airplane is climbing, flying, flying straight and
level, or gliding.

4
2se
'Fcur Forces' See chapter 2, fig. 2-3, SPFM.

3) True altitude is height above the sea level, and absolute altitude
is height above the surface. With this in mind, choose the correct
answer to the following: An airplane is flying over the ocean atan actual he ht of 10,000 feet'over the water
,a Itmeter setting and temperature unknown). It is flying at its

....... ..... density and absolute altitudes.
2 ..... pressure and absolute altitudes.
3 ..... true and absolute altitudes.
4 ..... true and density altitudes.

3
-ox

stud all four types of altitude, in chapter 3.
4) You are flying at an indicated airspeed of 120 knots at 6,000 feet

/assume no instrument error) the outside air temperature is +3
degrees celsius. Your computer is back on the counter at the airport,
bu? using rule of thumb you can estimate that your true airspeed
is approximately.

......... ....... 140 mpn.
2 ..... 134 knots.
3 ..... 124 mph.
4 ..... 144 knots.

2
3cx
see chapter 3, 'Rule of Thumb', page 134, SPSG.
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5) If you are referring to the magnetic compass on a heading of east,
an acceleration of airspeed(maintaining a constant altitude)
will result in

1 ..... a more northerly indication.
2 ..... a more southerly indication.
3 ..... no change in compass indication, since it is correct on

east or west heading.
$ 4 ..... northerly turning error.

3sx
'ANDS', p.45 (SPFM) and p.134 ,#3 0 8 (SPSG).

6) During the pretake-off check after checking the mags, you pull
the carburetor heat ON at 1800 rpm(or the manufacturer's
recommended number). There is no change of rpm (plus or minus).
wnen you pull it ON or for 30 seconds thereafter. This is a sign

....... ..... carburetor ice was present before the heat was applied.
2 ..... there was no carburetor ice present before the heat was

applied.
3. the carburetor is not getting heat from the system.

$ 4 ..... you did leave the heat on long enough to get an effect.$
3
4px

Function of carburetor', see item G in Fig. 4-M Fig. 4-2 in SPFM.
7') After starting your airplane's engine on a cold morning, you taxi out

and make your pretake-off check. After the mag and carburetor heat
-'. check you reduce the power to idle and find that even though the

engine is warmed up it lopes and run very rough, nearly quitting but
not quite. A likely problem is that the

I ..... fuel selector valve has been in the OFF position since
before starting.

2 ..... cabin heat is ON.
3.....primer is not in and locked.
4 ..... electric fuel pump is not ON.

3
5sx
'Primer system', Fig. 23-17,SPFM.

8) It is a very hot day and the trainer you are going to use has just
come down from a fright. After thorough preflight check you get
fastened in. After using your usual procedures you holler CLEAR
and hit the starter; the propeller turn over and over with no
indication that the engine wants to start. This is probably because

1 ..... the mixture is not rich enough.
2 ..... the engine is loaded(flooded .
3 ..... the carburetor heat is not ON.
4 ..... the engine has cooled too rapidly.S

2
5se
'Hot start procedure', in chapter 5, SPFM.

9) You hit the starter of your trainer, and as the propeller turns over
(the engine hasn't started running well yet), you note that

- spectators are starting wide-eyed at the bottom area of the cowling.
Your initial best move is to

...... open the window and state firmly that it is impolite to
stare.

2 ..... pump the throttle to help assure that plenty of fuel is
getting to the carburetor.

S3 ..... keep the engine turning over and turn off the mixture
and fuel.

4 ..... stop the starting procedure until they stop staring.

., 3
5se
see Pilot Operation Handbook, 'starting procedure'.

10) Hold lines are a combination of two solid and two dashed lines
crossing the taxiway before it intercepts a runway. The taxi
guidance line extends through the hold lines and onto the runway.
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This means that
1 ..... you don't have to slow up before taxiing onto the% runway at uncontrolled airports.
2. you only to recognize hold lines at controlled airports

because ground control will give or refuse clearance to
cross them.

3 ..... hold lines should be recognized at all airports. You
will need ATC clearance to cross them at controlled airport
at uncontrolled airports you should always hold and check
for traffic before going onto the runway.

.....4 ..... the taxi line has precedence over the hold lines at all
* .airports.

3
6px
'read chapter 25 of SPSG, Flying the cross country'.

1-) You are taxiing a tricycle-gear airplane with a strong wind from
the right rear. The control positions should be as follows:

1..... .ontrol wheel forward and turned right rudder as
necessary to keep the airplane straight.

2 ..... Control wheel forward and turned left, rudder as necessary
to keep the airplane straight.

3 ..... Control wheel aft and turned left full left rudder.
4 ..... Control wheel forward and turned left, full right rudder.

study technicue of taxiing in a strong wind.'
12) When taxi downwind with strong wind, you should:

1 ..... hold the wheel forward so that the wind strike the down
* elevator and keeps the tail from rising.

2 ..... hold the wheel back so that the wind force the propwash
hold the tail down.

S3 ..... taxi with engine idle, use brake to keep speed down
because of he wind forces the airplane to be fast.

4 ..... taxi with small power and use brake to keep speed.

6sx
'How to taxi downwind with strong wind', see SPFM, p.37

13) You are checking the magnetos at the run-up spot and inadvertently
turn the switch to OFF. The best move for you before turning it
back on is to

1.... pull the carburetor heat ON.
2 .... close the throttle.
3 .... pull the mixture to idle cut-off.
4 ..... switch tanks.

7ox
'Accidentally turning magnetos switch of during run-up'.

14) You have Just completed the run-up. Just before starting to taxi
into the take-off position, you realize that the fuel gage shows
the tank you ran up on is very low in fuel while the other is
nearly three quarters full. You recall this was that the case when
you vsually checked the tanks but you forgot to put the selector
.n the fullest tanKs. You should

..... s.....switch tanks and continue the take-off.
2,""*.keep the airplane on the tank you did the run-up on and

go ahead and take-off.
3 ..... switch tanks and run the engine up to at lease 1500 rpm

for a minute or more, or redo the mag and carburetor heat
check.

S4.....do none of the above.
S
3

.2-- 7px
'Very low fuel gage before taking-off'.

a 15) You are solo and just lifting off (with the runway gone behind)
it sounds as if the engine is banging itself to destruction. The
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airplane is performing as usual (rpmpressures, and temperatures
are okay). The best move in this case is to

I ..... maintain control of the airplane as you continue to climb.
S2 ..... land straight ahead immediately.

3 ..... turn back to the airport without delay.
4 ...... start dumping ballast overboard.$

7px
'Rough engine right after taking-off'.

16) Which of the zollowing combinations would most !'.kely cause loss of
power and/or a rough-running engine durinq the pretake-off check?

1 ..... Airport at a high elevation hi n outside air temperature,
mixture full rich, and carburetor heat ON.

2 ..... Airport at sea level, low outside air temperature,
mixture full rich, and carburetor heat 01.

3 ..... Airport at a high elevation, high outside air temperature,
mixture leaned, and carburetor heat OFF.

S..... A-r-ort at sea e:el, -Ign outside air temperature,
mi xture full rich, and carburetor heat OFF.

7sx

causes of losing power and/or rough enaine in pre-takeoff'
-7iYou are a 'nri,'ate poiot and plan to fly a trainer into a 2000-foot

- -arm triz. You check --he P.lot's Ooerat-na Hand-book and see that
tne airz ane can land or take-off with about 500 feet to soare under
the existing c:ndit-ions. At the end of the pre-takeoff check you
close the tnrottle and the engine idles at 800 instead of the

* recotmended 600 rpm. You should
... continue the flight.
2.iltaxi back and get the mechanic to reset the idle to the

recommended value before flying.
3 ..... continue the flight but expect a steeper approach and short

landing roll because the extra windmilling effects will
create drag.

4 ..... be sure to notify an instructor or mechanic about the high
idle value after you get back to the home airport.

2
7px
'idle rpm exceeded at the end of pre-takeoff check'.

18) Taking off at higher altitudes and temperatures for a particular
* - airplane (at a given weight) will require

I ..... more runway because the air is less dense.
2 ..... less runway because the air is less dense.
3 ..... the same amount of runway because the less dense air

create less draa, making up for any power loss.
4 ..... more runwav because the air becomes more dense with

increase in altitude. What horse power is required to raise
55 pounds to a heicht of 6 feet in 3 seconds?

2sx
'taking off at high altitude and temperature, p.6 SPFM'.

19) What horse nower is required to raise 55 oounds to a height of
:etin: seconds?

2.2 ..... 1/,:0

3-... . ...... .. 54- ..... 1.5.

2ce
'how to determine horse power at a situation'.

20) The drag resulting from lift being produced is
1 ..... parasite drag.
2 ..... interference.
3 ..... induced.
4 . gyroscopic.

3/
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3
2sx

- o'DRAG', and see Fig. 2-14, 2-16 in SPFM.
21) Which of the following statements is correct concerning drag?

I ..... Induced drag increases as the airspeed increases.
2 ..... If parasite drag is 200 pounds at a straight adn level

speed of 100 knots, at 200 knots it will be 800 pounds.
3 ..... Skin friction drag increases with increased airspeed.
4 ..... Induced drag decreases as the airspeed decreases'.$

2
2cx
'study the definition of DRAGS in SPFM.'

22) You are flying on a solo cross-country in a trainer and realize
that the oil pressure gage is at ZERO. Your best initial move
would be to

1 ..... land immediatelvthe enaine will stoP within 3 minutes.
.2 ...... watch the oil zemreracure gage for an increase ;n

temperature as you fly toward an airport or better terrain.
3.....pay no attention to it but continue your flight.
4.. land immediately to 7700 on the transponder

(if you have one) and call MAYDAY on 121.5.
S

Zpx
"emercency procedure for zero oil pressure in flight.

23 I f'the engine-driven vacuum pump fails in the average trainer,
you would expect to lose the u~e of

1..... airspeed and altitude indicators.
2 ..... altimeter and altitude indicators.
3 ..... altitude indicator and heading(direction)indicator.
4 ..... vertical speed indicator and turn coordinator..* S

_ 3sx
'loss of engine-driven vacuum pump, see Fig. 3-22, SPFM.'

24) At a cal ibrated airspeed of 150 knots at a density altitude of
10,000 feet, you want to set up a standard rate turn. Using the
altitude indicator for bank angle, you would set up a bank of
approximately

1 ..... 15 degrees
2 ..... 25 degrees
3 ..... 35 degrees
4 ..... 10 degrees

*'" standard rate turn at any particular airspeeds.'
5Whch one of the following items would require the most
e-ectrical current when in operation?

1 ..... Landing light.
2 ..... Turn and slip indicator.
3 ..... Flashing beacon.
4 ..... Navigation receiver.

electr-Ca. sst em.
26) Which of tne following would most likely result in a sudden increase

"n oil consumpticn in the enqine of an airplane?
(There are no outside leaks in evidence.)
I ..... Eroded spark plug electrodes.
2 ..... Worn or broken piston rings.
3.....A poor adjusted carburetor.
4 ..... A coaaulated frammis.

2
* 4sx

sudden increase in oil consumption.'

3S
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27) As an all-around procedure you should
1 ..... deliberately run a tank dry to use all the fuel only if it

is a fuel injection system.2. expect a delay of 1-2 seconds in power after the selector
is switched from an empty to a usable tank with the fuel
injection system.

3 ..... deliberately run a tank dry only at altitude above 1500
feet MSL

4 ..... never deliberately run a tank dry.

4"[" "4px -deliberately run a tank dry during flight?l

28) You have your orivate certificate and are taking a friend for a
first rice. You find that the battery is dead. It's late andb a t t e r I te c a

* there is no one else at the airport, but !umper cables are
%. avaiable. Also, you have checked out to hand-crank the airplane.

*.,*our next move would be to................careul- show the friend how to hold the brakes and turn
the ignition switch ON while you hand-crank the airplane.

2 ..... show the friend how to hold the brakes and use the star.er
while you set up jumper cables from your car.

3 ..... Stay in the airplane to start it, and the friend can work
the jumoer cables (revving up the car and then removing
the cables after the start).

4 ..... cancel the flight until the airolane's electr:cal system
is back to normal.

4
5procedure for dead battery before taking off.
29) A soft or spongy brake is usually the result of having air in the

system. To get braking action you should do which of the following?
1..... Pump the brake pedals.
2 ..... Hold the pressure but do not pump.
3 ..... Pull the parking brake handle'outward.

S4 ..... Stay completely off the brake.
1
.'procedure for having a soft or spongy brake while taxiing.'
30) The "best" fuel-to-air ratio is approximately

1 ..... 1 to 15.
...2. 15 to 1.
3 ..... 1 to 7.
4 ..... 20 to 1.S

:)Ox,-. 'fuel-to-air ratio.'
31) The angle between the relative wind and the chord line of the

airfoil is the
1 ..... angle of incidence.
2 ..... angle of attack.
3 ..... planning angle.
............... angle o g clmb or glide.

2
2pe

anale of attack', see Fig. 2-5, SPFM.
32) grake horsepower is

I..... Horsepower being developed at the crankshaft.
2 ..... Horsepower developed by the propeller in moving the

airplane through the air.
3 ..... mmeasured as pounds of thrust horsepower in older airplane.
4 ..... always the same as thrust horsepower in newer airplane.

S

2pe
'brake horse power', p.6, SPFM.
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O 33) Gravity always acts
1. opposite to weight.
2....parallel but opposite to lift.
3 erpendicular 'o the total drag.

2p::$ .toward the center of the earth.

'gravity, see "Weight", SPFM.'
34? In computing airplane performance, the pilot or engineer uses

1 ..... density altitude.
2 ..... true altitude.
3 ..... absolute altitude.
4 ..... indicated altitude.

$

3ce
'computing airplane performance.'

35) :ndicated airspeed corrected for instrument and position error is
1. true airspeed.
2 . calibrated airspeed.
3 ..... equivalent airspeed.
4. static pressure.

2
3ce
'understanding all four kinds of airspeed.'

36) Equivalent airspeed corrected for density altitude effects is
1 ..... calibrated airspeed.
2 ..... indicated airspeed.
3 ..... true airspeed.
4 ..... density airspeed.

3
3ce

. 'the relations among the airspeeds.'
37) The job of pitot tube is to admit what pressure or pressures to the

airspeed indicator?
IT Dynamic only.

2:. Satic only.
3 ..... Static and vertical changes.

-- 4 ..... Dynamic and static.

4
3pe

the function of Pitot tube,' see POH.3S A :cob of the alternater is to
...... provde a spark to each magneto as needed.

...... provide vacuum for the gyro instruments.
......... run the electrical components and keep the battery charged.

4.....alternate the power from the brake system to the electrical
system.

-. -- f:ct.:sn f alternater, check POH.'
-. n -nd sip :ndicators or coordinators in current

'.r .. .:anes are powered by the
...static oressure system.

...... ..... e r,.e- .rn en vacuum pump.
3... ,;raulic system.

... ......eectrca system.. v S
c,-- me t id c t r .

'scres -oer of instru'ent indicators.'
4-) Th-e speed ind-cator operates on the principle of

....... ..... change_ in outside atmospheric pressure.
2 ..... absolute atmospheric pressure.
3 ..... precession.

~ .~ 40
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4 ..... dynamic pressure from the pitot tube.

3pe
how the vertical speed works.'

41) The addition of carburetor heat
1 ..... leans the mixture.
2 ..... has no effect on the mixture.
3 ..... riches the mixture.
4 ..... cause oil pressure fluctuations.

3
4se
'understand the uses of carburetor heat.,

42) An advantage in the fuel injection system over the carburetor is.%-."that itthat ... has better fuel distribution to the cylinders.

2..... does not recuire an alternate air svs tem.
3 . .can be used best wizh f:xe-oi-ch popellers.

$ 4.....has a simpler oil system.

1
4pe

the advantages of fue7 injection system.'
43) Smoking In an airnlane

... . ...... :s useful In finding out the wind direction by blowina
the smoke out or :ne window.

2 ..... may cause you to be thrown overboard by a nonsmoker.
3 ..... can cause clogging of the vacuum system air fllter.
4 ..... can clog the carburetor heat.~$

3
4se
'causes of carburetor clogged during flight.'

44) You start the engine and check the oi- pressure gage. The needle
doesn't move right away, but you figure that since it's summer
you can expect it to come to normal operation within

1 ..... 42 hours and 26 minutes.
2..... 5 seconds.
3 ..... 30 minutes.
4 ..... 30 seconds.

4
Spe

operating of oil pressure indicator after starting the engine.'
45) Taxiway marking are

1 ..... white dashed lines.
2.....yrellow solid lines.
3 ..... iellow dashed lines.
4 ..... w hite solid lines.$

2
6se
'Taxi Marking', see SPSG P.19
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APPENDIX B

DEMONSTRATION OF BRIGHT-STUDENT PERFORMANCE

il* *
* WELCOME TO THE FIELD OF AVIATION *

i.-.[* *

please type your number
-s your name ?

today date,(ex. 10 Apr 87)
,ipress enter to continue"

J*

PLEASE SELECT ONE OF THE FOLLOWING

*1 ..... STUDENT PILOTS FLIGHT MANUAL *

2 ..... PRIVATE PILOT STUDY GUIDE *

3 ..... INSTRUMENT FLIGHT RULES *

• 0 ..... for " QUIT " (exit program) *

* (Type only number you want ) *

:1

* *

* In each test which you will work on:- *

* 1) There are 3 sets of questions. *
21 Each set is different in level of difficulty *
3) The most difficult set will be presented

first and then the next two sets.
* 4) You will be evaluated after completing each *
..* of the first two set of questions. *
* 5) If you are about average, all questions *

S * will be presented, otherwise you do not *
[ * have to do all of the questions. *

press any key to continue

-. o .* *
].* THE FOLLOWING ARE QUESTIONS *

""* FROM *

* "' STUDENT PILOT FLIGHT MANUAL " *

42

,*" .-'



. *********************** *

press any key to continue

* " STUDENT PILOT FLIGHT MANUAL " *
.* SELECT ONE OF THE FOLLOWING *

* TYPE 1 ..... for PART - ONE *
* TYPE 2 ..... for PART - TWO *
* TYPE 3 ...... for PART - THREE *
* TYPE 0 ..... for SELECTING ANOTHER CONCEPT *

* THIS IS THE BEGINNING OF THE LESSON *
.- . , * *** *** ***

press any key to continue

1) Which one of the following statements is correct concerning "torque"
corrections (U.S.-built engines)?

1 ..... In a climb, left rudder is necessary to keep the airplane
straight.

2 ..... In a climb, right rudder is necessary to keep the airplane
straight.

3..... In a dive, right rudder is necessary to keep the airplane
straight.

4 ..... When power is added abruptly, the airplane will tend to
roll to the right.

Your answer is 1

You are wrong, answer is 2 7

2) Which one of the following statements concerning the Four Forces
is correct?

1 ..... In straight and level flight, all Four Forces have
2......equal values.
2 ...... n a climb, lift is greater than weight.
3 ..... in straight and level unaccelerated flight, thrust is

greater than drag.
4 ..... Lift acts perpendicular to the relative wind, whether

the airplane is climbing, flying, flying straight and
level, or gliding.

Your answer is 4

You are correct
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(* removed question 3 through question 13 *)

14) You have just completed the run-up. Just before starting to taxi
into the take-off position, you realize that the fuel gage shows
the tank you ran up on is very low in fuel while the other is
nearly three quarters full. You recall this was that the case when
you visually checked the tanks but you forgot to put the selector
on the fullest tanks. You shouid

1 ..... switch tanks and continue the take-off.
2 ..... keep the airplane on the tank you did the run-up on and

go ahead and take-off.
3 ..... switch tanks and run the engine up to at lease 1500 rpm

for a minute or more, or redo the mag and carburetor heat
check.

4 ..... do none of the above.

Your answer is 3

SYou are correct

number question in critical set 14
number correct answers = 13
number incorrect answers = 1

The probability of your ability is = 0.995

You have not yet completed all the questions.
You will now be evaluated on what you have done so far.

THERE ARE 45 QUESTIONS.
14 critical questions.
16 complementary questions.
15 supplementary questions.

you have completed only the critical questions set.
correct answers = 13
incorrect answers - 1
YOU ARE ABOVE AVERAGE, EXCELLENT!

* * Be careful on easy questions! **
You have done 1 mistakes about physical question.

-* YOUR KOWLEDGE IN THE PREVIOUS LESSON *
" * IS SATISFACTORY *
"* YOU ARE FINISHED WITH THIS LESSON *

press any key to continue

:'[*************** ****

* THIS IS THE END OF THE LESSON *
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press any key to continue

'"* DO YOU WANT TO SEE THE RESULTS *

• YES PRESS " ANY KEY" *
* NO PRESS "N' *

:n

DO YOU WANT TO CONTINUE
ON THE SELECTED CONCEPT? *

* PRESS "ANY KEY " to continue *
* * on the selected concept *

-"* PRESS " N " to select another lesson *
* or go to exit *

:n

""- * PLEASE SELECT ONE OF THE FOLLOWING *

* ..... STUDENT PILOTS FLIGHT MANUAL *
* *

2 ..... PRIVATE PILOT STUDY GUIDE *

*3 ..... INSTRUMENT FLIGHT RULES *
-• * *

0 ..... for " QUIT " (exit program) *

• (Type only number you want ) *

:0

*

• FINAL SECTION: *
* SCORES AND COMMENTARY *

2-* *

press any key to continue

45

0

.-- - - ---.- -



SCORES AND COMMENTARY

STUDENT PILOT FLIGHT MANUAL
"PART - ONE" (Before Flight)

THERE ARE 45 QUESTIONS.
14 critical questions.
16 complementary questions.
15 supplementary questions.

you have answered only the critical questions set.
Total correct answers = 13
Total incorrect answers = 1
YOU ARE ABOVE AVERAGE, EXCELLENT!

Your last test was cn !0 MAY 1937.
And the grade was 51.110.

Your grade today was 92.86.
Good, you are improving!

Following is a report of your performance
The Airplane and Hcw 't Flies

?= , Total 2 ?ercent Grade = 50.00
Z ckp-t: instruments and Systems

Pts = 3, Total = 3, Percent Grade = 1CO.00
Preclj~ht Check

uI ts = Total 1, Percent Grade = 100.00
Starting The Airplane

Its = 3, Total 3, Percent Grade = 100.00Taxi:in
x ts = 3, Total 3, Percent Grade = 100.00

Pretake-off or Cockpit Check
Pts = 2, Total = 2, Percent Grade = 100.00

YOUR PROBLEMS AND SUGGESTIONS FOR IMPROVEMENT *

*Question about Procedures:
Pts = 5, Total = 5, Percent Grade = 100.00

"uestion about Calculation:
Pts = 1, Total = 1, Percent Grade = 100.00

---sCas questions:
Pts = 7, Total = 8 Percent Grade = 87.50

* - You should review as follows
1)'Torque' see chapter 2 fig. 2-9, SPFM.

** Be careful on easy question! **
You missed 1 of them in the total of 4.

' * HOPE TO SEE YOU AGAIN *
.* ** ** ***** ****** ** ***** *** **** **** *

... execution ends
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APPENDIX C
DEMONSTRATION OF WEAK-STUDENT PERFORMANCE

WELCOME TO THE FIELD OF AVIATION
;•* *

please type your number
your name ?
today date,(ex. .0 Aor 37)
;'press enter to continue;'

* *

PLEASE SELECT ONE OF THE FOLLOWING *

I ..... STUDENT PILOTS FLIGHT MANUAL *

*2 ..... PRIVATE PILOT STUDY GUIDE *

*3 ..... INSTRUMENT FLIGHT RULES *

*0 ..... for " QUIT (exit program) *

• (Type only number you want ) *
ii * *

• In each test which you will work on *

* 2.) There are 3 sets of questions. *
* 2) Each set is different 'n level of difficulty *
• 3) The most difficult set will be presented *
* first and then.the next two sets. *

4) You will be evaluated after completing each
* of the first two set of questions. *
* 5) If you are about average, all questions *
• will be presented, otherwise you do not *
'"* have to do all of the questions. *

press any key to continue

."* *

-* THE FOLLOWING ARE QUESTIONS *

_ * FROM *
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* " STUDENT PILOT FLIGHT MANUAL " *
. * *
. ************************ **

press any key to continue

|*,*

" * ' STUDENT PILOT FLIGHT MANUAL " *
" * SELECT ONE OF THE FOLLOWING *

P* *
* TYPE 1 ..... for PART - ONEi * TYPE 2....for PART - TWO *

* TYPE 3 ...... for PART - THREE *
* TYPE 0 ..... .for SELECTING ANOTHER CCNCEPT

• THIS IS THE BEGINNING OF THE LESSON *

1) Which one of the following statements is correct concerning "torque"
corrections (U.S.-built engines)?

1 ..... In a climb, left rudder is necessary to keep the airplane
straight.

2 ..... In a climb, right rudder is necessary to keep the airplane
straight

3 ..... In a dlve; right rudder is necessary to keep the airplane
straight.

4 ..... When power is added abruptly, the airplane will tend to
roll to the right.

Your answer is 1

You are wrong, answer is 2

(* removed question 2 through question 13 *)

14) You have just completed the run-up. Just before starting to taxi
into the take-of: position, you realize that the fuel gage shows
the tank you ran up on is very low in fuel while the other is
nearly three quarters full. You recall this was that the case when
you visually checked the tanks but you forgot to put the selector
on the fullest tanks. You should

1 ..... switch tanks and continue the take-off.
2 ..... keep the airplane on the tank you did the run-up on and

go ahead and take-off.
3 ..... switch tanks and run the engine up to at lease 1500 rpm

for a minute or more, or redo the mag and carburetor heat
check.

4 ..... do none of the above.
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Your answer is 3

* You are correct *

number question in critical set 14
number correct answers = 5
number incorrect answers = 9

The probability of your ability is = 0.178

You have not yet completed all the questions.
You will now be evaluated on what you have done so far.

THERE ARE 45 QUESTIONS.
14 critical questions.
16 complementary questions.
15 supplementary questions.

you have completed only the critical questions set.
correct answers = 5
incorrect answers = 9

YOU ARE BELOW AVERAGE IN THIS PART
B* * e careful on easy questions! **

You have made 3 mistakes about physical question.

• YOU ARE WEAK FOR THIS LESSON *

* STUDY"PART - ONE" (Before Flight) AGAIN *
=. .* *

-"* YOU ARE FINISHED WITH THIS LESSON *
.'?. * *

" press any key to continue

k, ,."* *
* THIS IS THE END OF THE LESSON *• ,

'r''+* *
+"* DO YOU WANT TO SEE THE RESULTS *

Ir. ,.* *

* YES PRESS" ANY KEY" *
" * NO PRESS"N" *

* *9
**** ********* *** * **** *
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* DO YOU WANT TO CONTINUE
* ON THE SELECTED CONCEPT? *

* PRESS" ANY KEY " to continue *
PRESSon the selected concept *

PRESS N " to select another lesson *
* or go to exit *

-* * *

-.,************************** **
\. :n

-* PLEASE SELECT ONE OF THE FOLLOWING *

... STUDENT PILOTS FLIGHT MANUAL *

*2 ..... PRIVATE PILOT STUDY GUIDE *

*3 ..... INSTRUMENT FLIGHT RULES *

*0 ..... for " QUIT " (exit program) *

** (Type only number you want ) *

:0

':* FINAL SECTION: *

* SCORES AND COMMENTARY *

SCORES AND COMMENTS

STUDENT PILOT FLIGHT MANUAL
"PART - ONE" (Before Flight)

THERE ARE 45 QUESTIONS.
14 critical questions.
16 complementary questions.
15 supplementary questions.

you have answered only the critical questions set
Total correct answers = 5
Total incorrect answers = 9

YOU ARE BELOW AVERAGE IN THIS PART
Your last test was on 15 MAY 1987.
And the grade was 92.860.
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Your grade today was 35.71.
You are weaker Khan last time,"Study harder"!

Following is a report of your performance
The Airplane and How It Flies

Pts = 0, Total = 2, Percent Grade = 0.00
Cockpit: Instruments and Systems

Pts = 1, Total = 3, Percent Grade = 33.33
Preflight Check

Pts = 1, Total = 1, Percent Grade = 100.00
Startin? The Airplane

P s = 1, Total = 3, Percent Grade = 33.33
T-'its = 1, Total = 3, Percent Grade = 33.33

Pretake-off or Cockpit Check
Pts = 1, Total= 2, Percent Grade = 50.00

* YOUR PROBLEMS AND SUGGESTIONS FOR IMPROVEMENT x

Question about Procedures
Pts = 3, Total = 5, Percent Grade = 60.00

You should review as follows
1)'read chapter 25 of SPSG, Flying the cross country'.
2) 'Accidentally turning magnetos switch of during run-up'.

Question about Calculation
Pts = 0, Total = 1, Percent Grade = 0.00

You should review as follows
1)see chapter 3, 'Rule of Thumb', page 134, SPSG.
** Study more! You are weak here. **

Physical Questions
Pts = 2, Total = 8, Percent Grade = 25.00

You should review as follows
1 'Torque' see chapter 2 ,fig. 2-9, SPFM.
2 Four Forces' See chapt-- 2, fig. 2-3, SPFM.
3 'ANDS', p.45 (SPFM) and p.134,#308 (SPSG).
4 Primer system', Fig. 23-17,SPFM.

'Hot start procedure , in chapter 5, SPFM.
6 'study technique of taxiing in a strong wind.'
** Study more! You are weak here. **

** Be careful on easy question! **
You missed 3 of them in the total of 4.

" * HOPE TO SEE YOU AGAIN *

... execution ends
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APPENDIX D

PROGRAM LISTING

program Testing(input,output);'"'" *SS200000 *)

* TITLER: PILOTTESTING *
* AUTHOR : CDR Yodchai Ru sumruad i)
* Date Written: 1 Apr 87 - 20 May 87 *

Version One *
-" * System Used Waterloo Pascal on NPS mainframe *

, :70 Sources •Data input :rom secondary storace
and user input from terminal kevboard *

(* Description : This program demonstrates an intelligent *
CAI System for testing, evaluating, and *
recommendation the pilot. *• ..************************ * ** ******* *** **** ** ****)

(* GLOBAL CONSTANTS *)

const
maxchar = 72; * for read 1 line of char *)
maxcomment = 60; * for store comments in array'*)
maxchap = 10; * Number of chapter to test
uninformed = 0.5; * Uninformed Opinion *)
extert . * Expert Opinion *)
lo;wweight = 1.0; * low level of confidence *)
highweight = 4.0; * high level of confidence )
alpha = 0.9; * Max cut-off Criteria *)
be a = 0.4; * Low cut-off Criteria *)
maxbook = 10; * Max number of book to test *)
maxpart = 10; ( Max number of chapter or part in each book *)
maxarea = 10; (* Max concepts in each chapter or part *
maxcat = 3; (* Max categories or types of questions /

. maxproble = 25;(* Max comments in each type of questions *)i:!?'ii::type mxrbe 5

q1 = packed array(.1..maxchar.) of char;
chap = record

num : integer;
count,
correct,-'.."wronF,

crit,
rcrit,
wcrit,
comp,
rcomp,
wcomp,
sup,
rsup,
wsup.: integer;

end; (* chap )
chapquestion packed array(.1..maxchap.) of chap;
board = record

flagl,
flag2,
flag3 : boolean;
ex,
av,
poor q1

end; (* board *)
blackboard = oacked array(.1..maxchap.) of board;H suggest = recbrd
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number integer;
trob ql;

gages 
qi;*-" en ;

chapcomment = packed array(.l..maxchap,l..maxcomment.) of suggest;
topic = record

name qi;
,name :boolean;

end;
booktype = packed array(.l..maxbook.) of topic;
subpart = record

subname qi;
fsub boolean;

end;
parttype = packed array(.l..maxpart.) of subpart;
areainfo = record

name
count,
'rcng,
correct integer;
flag boolean;

end;
areatype = packed array(.1..maxpart,l..maxarea.) of areainfo;
blockarrav = packed arrav.l. .maxchap. of integer;
counzcommnent = packed arrayr...maxchao.? of integer;
ccnmmarray = packed arrav(. ..maxproblem.) of qi;
problems = record

name q1;
flag boolean;
count,
correct,
wrong,
easy,
wasy integer;
comm commarray;

end;'
problemtype = packed array(.. .maxcat.) of problems;
nametype = packed array(.1. .0.) of char;
datetype = packed array(.1..15.) of char;

(* GLOBAL VARIABLES *)
var

block : blockarray;
next : boolean;
rec : blackboard;
continue boolean; (* for beginning or stop of session *)
comm,
question q1; (* for reading a line of question *)
correctans, y for reading correct answer from file *)
answer, for reading answer from screen
ans, answer y/n from screen to begin session *)
symbol char;(* symbol in file *)
choose boolean;
a numq,riqht,wrongq integer;
filel,file2, file file4 : text; text files of questions *)
chapter cnapquestion;
commen: znapccmment;
numcomment : countcomment;
book char;
b : integer; (* indicate number of concept *)
books ooktype;
part parttype; (* record any part in a book *)
area areatype; * record every concept in a test *)
areas integer;
x : real; (* for percent grade *)
problem : problemtype;
p,m,n integer;
cats char; (* char represents question category *)
cat integer;
pilotnum: integer;
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ilotname :nametype;
kilotdate :datetype;

name : name tye;
toda~dte : ate type;

tempfile : text;

* Procedure Inaitializevalue
Thisue ntaiesvle;fgoa aralsi the*Rrogram*

* procedure initializevalue;
var

begin itgr
ans

-: book
next :true;
for j : 1 to maxpart do begin

chapter(. ) rkixn 0;
nunccrrent(.i.) 0,
chapter,.. .num 0;

* c,>e ~....) count :=0;

* .2..:5crrect := 0;
chabter r2.).rog =0,

*rec' i 1) flagl Icalse;
recj.i. 'flag2 false;
rec i . :flag3 false;

0~ ( ex
-' rec (i2. ) poor

chapter .i.).block 0;
boo ks(- .. name:= ;
booksN(.. ) fname false;
part( ..).subname
part (..) fsub :=false;

end;
for i :=I to maxpart do begin

for j := 1 to maxarea do begin

area (.i,j.) wnron0
area( .1,1. corrertng 0;
area( i,j. .flag false;

end;
end;
areas :=0;

are .,. name 'An Introduction';
are .12. name 'The Airplane and How It Flies'

area .1,3. .name :'Cock pit: Instruments and Systems';
area .1,4. .name : Preflight Check';
area .1,5. .name 'Starting.The Airplane';
area .1,6.1.name :'Taxiing,
area .1,7. .name :'Pretake-off or Cockpit Check';

for i 1 to maxcat do begin
problem(: .. ).:lag t= a.Lse;
problem .ifcount 0;
problem 1i. 5 correct :=0;
problem iT wrong :0;

prolemi. asy :0;
problemi.i.).wasy :~0;
for j =1 to maxproblem do

problem(.i.).comm(.j.) :
end; (* for *

p:=O n*0*m:; om
probiem( . .name 'Question about Procedures';
problem (.2.) name :'Question about Calculation';
problem(.3.) .name :'Physical questions';
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end;

* Procedure Space
This procedure is called to space between lines.*

procedure space( a:integer);
1a : integer;

bgnfor i :=1 to a do
writein;

end;

* Procedure Clearscreen*
*This procedure is called for easy going to the next page. *

procedure clearscreen;
begin

space (2);
writeln(I press any key to continue"
readln;

*end; page;

procedure oilotinfo;

writeln('please type your number');
readln(testnum);
writeln(' your name
readln(name);
writeln(I -today date,(ex. 10 Apr 87)');
readln(todaydate);

end;

E rocdure welcome;

space (5);
writeln 6 *1 ),

writeln .* 66
writeln *WELCOME TO THE FIELD OF AVIATION *1:66

write*n:66
writeln 2**266

writeln 2

space(1)
pilotinfo;,
writel.(I hit enter to continue");
en; readln; page;

* Procedure Information*
*This procedure provides information to the student of how *

__the questions in each test is made and what will haR en durng es

procedure information;
* - begin

space 2);

wniten 2**2 :66
writeln(2* In each test which you will work on : ':66

writeln '*2:66

writeln(' 1 There are 3 sets of questions. *:66
writeln * 2) Each set is different in level of difficulty *2:66
wniteln '* 3) The most difficult set will be presented *:66
wrien *first and then the next two sets. *2 :661
write.1n 2* 4) You will be evaluated after completing each *2:66 ~
writeln '*of the first two set of questions. *2:66)
writeln 2* 5) if you are about average2 all questions *2 :66
wniteln 2* will be presented, otherwise you do not *2:66)
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writeln( '* have to do all of the questions. *':66);
writeln(* *1-66);

clearscreen;
. end;

* Procedure Selected book *
* This procedure determines the book that selected by the *

student to provide questions from that book concept). *

procedure selected -book(var con : boolean);
var flag : boolean;" begin
begn fla : false;

whiye not flag do begin
readln(book);
if book = 'I' then begin

b
books(.b.).name : '" STUDENT PILOT FLIGHT MANUAL ';
flag := true; con : true;
booxs(.b.).fname : true;

end
else if book = '2' then begin

b := 2;
-1ag := true; con : true;
books(.b.).name := PRIVATE PILOT STUDY GUIDE "';
books(.b.).fname : true;

end
else if book = '3' then begin

b := 3;
flag := true; con : true;
boos (.b.).name : ' EMPTY FILE ;
books (.b.) .fname : true;

end
else if (book = '0') then begin

flag := true; con := false;
end

else begin
wrIteln(' "only number please" ');flag : false;

end;
end;

end;

Procedure Booklist
* This procedure displays menu of the booklist for student *

to select which book he/she want to test upon.

procedure booklist(var con:boolean);
begin

writen **:66);
writeln '**:66);
writeln '* PLEASE SELECT ONE OF THE FOLLOWING * :66);wre-1.n * :66);

-.. " wr tein( 1. STUDENT PILOTS FLIGHT MANUAL * :66•
writein '* * :66

,. writen *2 ..... PRIVATE PILOT STUDY GUIDE * :66-. writeln '* *1:66
writeln * 3 ..... INSTRUMENT FLIGHT RULES *1:66
writeln '* *1:66
writeln '* 0 ..... for " QUIT " (exit program) *1:661.
writeln **:66:"[ ... writeln *(Type only number you want )*1:66writeln ** :66

.'-'.'. writeln******************************;selecte book(con);

writeln(*:I,book);
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end;
procedure firstheading2;ik . egin

spaceis5);
write n *********************************************************66
writeln 1* *1:66
writein' * THE FOLLOWING ARE QUESTIONS *1:66
writein *1 :66
writein( * FROM *1:66
wrien* *1 :66
writein 1* " PRIVATE PILOT STUDY GUIDE " *1:66
writeln( * *1 :66
writeln * *1:66writeln( *********,*******************************************' :66;

clearscreen;
end;
procedure firstheadingl;
egin

space(S); 66
writeIn * *1:66),
writeln THE FOLLOWING ARE QUESTIONS
writein 6
*riteln FROM :66
writeln 1* *':66C
wrte7 n 1* STUDENT PILOT FLIGHT MANUAL " -' :66
writeln * *1:66
writein * *1:66
writeln ******************************************************' 6

* clearscreen;
end;

Procedure Beginsessioni *
.* Thisrocedure calls procedure booklist, inforinationand
firstheading, passing boolean continue for begin questioning
or back to select another conce t or uit.

4.* -A. *. *, .,J**** * * * *** *** )
procedure beginsessionl(var continue:boolean);
var

fl, flag : boolean;c begin
fl := true;
booklist(continue);
while fl do begin

if book = '1' then begin page;
information;
firstheadingl; fl:=false;

end
else if book = '2' then begin page;

information;
firstheading2;fl:=false;

end
else if book = '3' then begin page;

fl := false; space(7);
writein(' :HERE IS NO CONCEPT TO TEST HERE');'- ."space(4);
c earscreen;

end
else if book = '0' then begin page;

fl := false;
continue := false;

end; end;

end;

Procedure Continuesession *
* This procedure displays screen to ask whether or not the *
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*student want to continue testing on the same or different *

procedure continuesession(var cont:char;var select:boolean);

writen
write].n '**1-66
writein '~DO YOU WANT TO CONTINUE *' :66
writein 1*ON THE SELECTED CONCEPT? *- :66
w ritejln **1 1:66
writein 1*PRESS 11 ANY KEY "1 to continue *' :661
writeln1I* on the selected concept *1 :6

* writein * :66
writein '*PRESS "N 'to select another lesson *' :66
writeln( or go to exit *1:66
writeln ' *-:66

readin~cont);
writeln( I 1,cont);
page-

if' (cant =In') or (cant = N') then begin
select := false;
next := true;

end
el.se begin

se ect := true;
next := true;

end;
* end;

Procedure Calculatel*
Thistprocedure calculates probability of student ability after*

*completed te critical set of questions. This procedure is called *
b rcedredslayuestion, values are passed in/out, for example*
ngrof correct answer cues tions done and incorrect answer. *

procedure calculatel(chap:integer;cor~integer;wro:integer;cou:integer.
var prob : real;var ml:integer;var rl:integerj;

var
Pu ,xa b,x,y,z,d,e : real;

begin tgr
ml :chapter(.chap.).crit;
ri :=car;
wl wro;
chapter ( .chap. .rcrit :car;
chapter (.chap.,.wcrit :wro;
space(5);
writeln(' number question in critical set ',m1:3);
writeln(I number correct answers I= l:)
writeln( nmer incorrect answers w13)
(calculate P(A1/BU) *

Pu :=uninformed; e =.xpert;
a :=lowweight; :highweight;

4f ((cou-cor) <> 0) then begin
for i 1 to (cou-cor) do

x : x * (pu);
end (*If*)

else x :1

if (car <> 0) then begin
for i I= to car do

y :y * pu;
end (*if*)

else y :1
Z := 1;
if (cou <> car) then begin

58



for i cou downto (cor+l) do

end (*if*)
else z :1

d value P(Al/BU) *

if ( (cou-cor) <> 0)o ten begin
for 1 1 to (ocor) do

x x * (lpx);
end (*if*)

else X 1

if (car <> 0) then begin
for i 1 to cor do

yf y px;
end (~*

else V
Z
if (cou <> cor) then begin

for i cou downto (cor+l) do
z * 1 Z;

end (*if*)
else z : 1;
e -=z*x~v- ' value P(A1/BX) *
(*find P(BJ)' *)

(*find P(BX) *

find P(BIJ/Al)

(find P(BX/Al)
prob x)(1.
writeln Ci The p'robability of your ability is ',prob:8:3);

chapter (.chap.) rcrit :=cor;
chapter (.chap.) .wcrit wro;

end; (*end procedure calculatel *

Procedure Calculate2*
*This procedure calculates p rob ability of student ability after*

*completed the second set of ques ions. This procedure is called *

b rocedure display~question, values are passed in/out, for example*
njrof correct answer ,uestions done ,and incorrect answer. *

procedure calculate2(chap:integer;cor:integer~wro:integer;cou:integer.
var prob :real;var m2:integer;var r2:integer5;

var pu ,px,a,b,x,y-,z,d,e :real;
begin i,w2,rn3 :integer;

mn3 chapter(.chap.).comp-
m2 cou -chapter (.hap: 5 crit;
r2 cor -chapter ( chap) .rcrit;
w2 wro -chapter ( chap.)N.crit;
chapter (.chap.) .rcomp r2;
chapter .chap) .wcomp w2;
space(S.}
writeln(' number question in complementary set = ,m3 :3);
writeln(I number correct answers = ,r2:3);
writeln(I number incorrect answers '% 3)
(* calculate P(A2/BU) *)
Pu :uninformed; px :=.expert;
a lowweight; b highweight;

i ;x :1
if ((m2-r2) <>'0) then begin

for 1 : 1 t 2r)do

end (*if*)
else x 1;
Y 1
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if (r2 <> 0) then begin
for i 1 to r2 do

y y pu;
end (*if*)

else y := 1;

if (m2 <> r2) then begin
for i m2 downto (r2+1) do. ,"- z := i * Z;

end (*if*)
else z =
d := z*x**; value P(Al/BU) *)

(* calculate (Al/BX *)
I 1; X 1
if ((m2-r2) <> 0) then begin

for i: 1 to (m2-r2) do
x X * (I-px)K

end (*if*)
e 7se x 1;

if (r2 <> 0) then begin
for i 1 to r2 do

end y * px;
e.se y 1;

.f (m2 <> r2) then begin
%% for i m2 downto (r2 !' do

Z i Z;
end (*if*)

0 else z 1;
e := z*x*y; value P(AI/BX) *)

(* find P(BU).x, -= a/(a+b)
(A find P(BX) *)i (Y := b/(a+b)•

"*find P(BU/Al))X := ixld) / ( x*d) +(y*e))
(* find P(BX/AI)*)

prob : (1 x);
writeln ( The probability of your ability is ', prob:83);
chapter(.chap.).rcomp := cor - chapter( .chap.).rcrit;
chapter (.chap.).wcomp := wro - chapter( .chap.).wcrit;

end; (* end procedure calculate2 *)

Procedure Check-answer *
This procedure checks the student's answer. If the answer

is inval4id, the error message will be given to the student to
:en the valid answer again.

procedure check answer(var c char);
var

flag boolean;
.a begin

:lag true;
.'nze flaa do begin

I (c=-1 )orkc=21)or(= c=31)or(c= '4') then
.ag false

else begin
writeln('type again l..to..4 please');
readln(c);

end; flag := true; end;
)o-).-[["end,-

end;

Procedure Alter-cats *
-* *This procedure will change the categories of question *

* which is read from text file to integer type to be used as *
* the value in array of questions categories. *
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~rocedure alter-cats;

if cats = :P' then cat 1;
* -if cats = 'c' then cat 2;

I f cats = Is' then cat 3;
problem (.cat.) .flag true;
problem( .cat.) .count proklem(.cat.).count + 1;

end;

Procedure Input cat.comm*
This procedure will read any comment of the question*

* for every wrong answer made by student and then put each**
*comment in array of category which that questions belongs.

E rocedure inputcatcomm;

if :at =then begin

problem(.cat) .COMM(.p.) =Comm;
problemk.cat.).wrong :=problem(.cat.).wrong + 1;

end
else if cat = 2 then begin

71 := 1 +1 ;
nrcb-.er(.cat.).onm(.n.) :=comm;
:)rcblem(.cat.',.wrong :=problem(.cat.).wrong + 1,

end
else if cat =3 then begin

problemn .cat. .comm(.n.) :=comm;
problem( .cat. ).wrong :=problem(.cat.).wrong + 1;

end;
end;

Procedure Compare answer*
*This procedure calls procedure check answer to determine *

* student's answer is correct or incorrect and , count number of *
q qestions done, correct and incorrect answer and also record *

* the comment of every wrong answer in order to provide suggestions*
* an reommedatons in the final conclusions.*

procedure compareanswer(var count:integer;var correct:integer;
var wrong :integer~var a:integer;var filename:text;1
var chapt :integer,;

var
symrbol,ease: char;i:integer;

begin n answer); check answer(answer); (*from screen
readln filename,correcEtans);
~read filename ,areas). read( filename ,cats);

* readln(filename,ease5;
alter cats;
if easge = Ie' then problem(.cat.).easy :=problem(.cat.).easy+l;
area( chapt,areas.).flag :=true;
writejn( I Your answer is ',answer);

iz answer = correctans then begin
correct :=correct +
count :=count + 1;
chapter (.chapt. ) correct :=chapter(.chapt.).correct +1;
chapter( .chapt.) .count :=chapter ( chapt.).count +1;
area( .chapt,areas.) .count :=area(.chapt,areas.).count + 1;
areas .chapt~areas.).correct :=area( chapt,areas.).correct+l;
problem( .cat.).correct :=problem(.cat.)correct + 1;
writeln (' ____________

writeln( Yoar correct
writeln' ____________

readln( filename,question);
c learscreen;end(* if *
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else begin
Swro wrong +1;
count : count +I;
chapter(.chapt.).wrong chapter(.chapt.) .wrong +1;
chapter(.chapt.).count : chapter( .chapt.).count +1;
area(.chapt,areas.).count area( .chapt,areas. ).count + 1;
area(.chapt,areas.).wrong area(.chapt,areas.).wrong + 1;
writeln(' ,);
writeln(' * You are wrong, answer is ',correctans:3,1*1:2);
.writeln(' _);
if ease = 'e' then

- redproblem(.cat.).wasy := problem(.cat.).wasy+l;' -'[read~filename,symbol);
clearscreen;
readln(filename,comm);
input cat comm;
comment(.chapt,a.).pages := comm;
numcomment(.chapt.) := a;

a := a-1;
end; (* else *)

end;(* procedure *)

Procedure Decision *
** . This procedure compares the probability of student ability *

-assed from procedure calculatel&2 to the cut-off value .4,.9 *
* then make decision about student's knowledge in that test. This *

orocedure is called by procedure display question. *

procedure decision(p:real;var sel:boolean;var chapt:integer;* ,var flag:boolean);
begin

if (pi= alpha) or (p > alpha) then begin
if flag then begin

rec(.chapt.) .av : '" YOU 'RE ABOUT AVERAGE IN THIS PART
rec(.chapt.) .flag3 : true;

end
else begin

rec( .chapt. .eX:= YOU ARE ABOVE AVERAGE, EXCELLENT! "';
rec( .chapt. .flagl true;

end;
end(* if *)
else if (p = beta) or (p < beta) then begin

rec(.chapt.) .poor :'" YOU ARE BELOW AVERAGE IN THIS PART "';
rec(.chapt.).flag2 true;

end(* else if *)
else if (p > beta) and (p < alpha) then begin

rec .chapt. .av := " YOU ARE ABOUT AVERAGE IN THIS PART "';
rec(.:hapt.').flag3 := true;

end;end;• .-'...end;

Procedure Make-decision
* This procedure compares the probability of student ability

p ~assed from procedure calculate1 2 to the cut-off values .4,.9 *
* hen make decision to go on next questions set or not. If *

*. the probability is in between the cut-off values then present *
next set of question otherwise sto uestioning the student. *

procedure makedecision(p:real;var sel:boolean;var chapt:integer;
var flag:boolean);. begin

if (p = alpha) or (p > alpha) then begin
space (7);
writeln(,**********************************************,:63
writeln '* * :63);
writeln '* YOUR KNOWLEDGE IN THE PREVIOUS LESSON * :63

, writeln '* IS SATISFACTORY *1:63
A.- writeln 1* YOU ARE FINISHED WITH THIS LESSON *1:63

writeln '* *1:63
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space(3);
ci earscreen;
sel :=false;

end
else if (p = beta) or (p < beta) then begin
write jS); -********************** '63
writelr 1* *1:.63)

wrieln(1*YOU ARE WEAK FOR THIS LESSON *1-63)
writeln(* *:63);

wiriteln(1*:19,STUDYI:7,part(.chapt.).subname:28,IAGAIN:-7 1*1:2);
writeln(* *1:635
writeln( YOU ARE FINISHED WITH THIS LESSON *1:63)
writeln(1* *1:63);

wrTaei(' :3)
c earscreen;

sel := false;
end(* else if *)

else if (p > beta) and (p < alpha) then begin
space(7;

writeln 1*:66)

writeinK* YOU ARE ABOUT AVERAGE SO FAR *:66)
writelnC 'l WE WILL CONTINUE ON :HE REST OF THE QUESTIONS *1:66)

writeln 1 :*************~******** ****:66;

space(3);
ciearscreen;
sel := true;

end;
end;
Sr0ce dure suggesthead;
egin writein;

writeln *YOUR PROBLEMS AND SUGGESTIONS FOR IMPROVING
writeln I

writeln;
end;

Procedure Evaluate*
*This procedure is called by procedure display-.question.*

* At the end of the first two set of questions, this procedure will*
* be called to provide information to the student of he crevious *

Re-~ranesthn rocedure make decision will be calledl next. *

procedure evaluate(var chap:integer);
var

begin ji : integer;
writeln( I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ;

space(i)-
if(chapter(.chap.).count<>chapter(.chap.).block) then
w;riteln^,(' You 'have not yet cornoleted all the questions.' :50)
else
writeln(l You have completed all the questions at this time. ':54);
space (1)

writeln(' You will now be evaluated on what you have done so far.' 5)
space (1);
writeln('THERE ARE' :17,chapter(.chap.).block:3,' QUESTIONS.');
wri te(chapter(.chap.).crit:12).
writeln('critical questions.' :f);
write chapter ( chap .).comp:12);
writeln(' complementary questions.' :26);
wri te chapter ( chap .).up:12);
writeln('supp ementary questions.':26);
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space (1); p . chp)ci)te
if(chapter( .cha .).count=chapter(.hp)ci)te

-* writeln('you nhave answered only the critical questions set. ':55)
else if(chapter(.chap.).count=chapter(.chap.).crit +

chapter( .chap.) .comp) then
writeln('you have answered both critical and complememtary sets'

else if.(chapter(.chap.).count=chapter(.chap.).block) then
writeln(lyou have answered all the questions': 40);
writeln(Icorrectanswers =:0catr'ca~orc:
wrtl~icretanswers ' icte( .ca .).oe:5;

space(l);
if (rec(.chap .).flagl = true) then begin

writeln( rec ( .chap.).ex:46);
end

else if (rec ( .chap.).flag2 = true) then begin
writein (rec (.chap.).poor:45);

end
else if (rec ( .chap.).flag3 =true) then begin

writeln~rec( .chap.) .av:45);
end;

writeln;
if (problem(.1.).wasy > 0) or (problem(.2.).wasy > 0) or

(problem(. 3.).wasy > 0) then
writeln(' * I-Be careful on easy questions!*i)
If (problem(.1 ).wasy 0),then begin

write' You hav6 made',problem l.).wasy:2);
writeln( mis takes about procedures.');

end;
if (problem(.2.).wasy > 0) then begin

write' You have made',problem( .2.).wasy:2);
write ln(' mis takes about calculation.');

end;
if (problem(.3.).wasy >0) then begin

write(' You have made',pjroblem(.3.).wasy:2);
writeln(' mistakes abou physical question.,');

end; writeln(' nd

Procedure One chapter conclusion*
*This procedure is calle3 by procedure ask..conclusion at the *

* end of each test, whether the student want to see the results *
* of the previous test or not.*

procedure one-chapterconclusion(var chap:integer);
,lar

begi -,' : integer;

or i:= 1to maxbook do 'begin
if (b = i) then begin

writeln (books (.i.).name :40);
space(l);
for j := 1 to maxpart do begin

if (chap j)then
en;writeln~part(.j.).subname :38)/;

end; )for*
end; (*for)

write n('THERE ARE' :17,chapter(.chap.).block:3,' QUESTIONS')
write (chapter( .chap.).crit:12);
writeln('critical questions' :21);
write (chapter(.chap .).comp:12);
writeln('cornplementary questions' :26);
write (chapter (.chap.) .sup :12?;
writeln('suppi1ementary questions':26);
space (1)
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if(chapter(.chap.).count=chapter(.chap.).crit) then
writeln(lyou have completed only the critical questions':43)

else if(chapter(.chap.).count=chapter(.chap.).crit +
chapter( .chap.) .comp) then

writeln('you have completed both critical and conlememtary' :58)
else if(chapter(.chap.).count=chapter(.chap.).block te

,writeln('you have answered all the questions': 45);
writeln ('Total correct answers =1:36,cha ter(.chap .).correct:5)
writeln('Total incorrect answers =' :38,c apter(. chap.) .wrong:5);
space(1);
if (rec(.ha .)flagi = true) then

writein ( rec(.chap.).ex:46)
else if (rec ( chap.).flag2 = true) then

writenrec(.chap.)poor:45)
else if (rc(.hap.).flg3 = true) then

* writeln(rec(.chap.).av:45);
writeln( Following is a report of your performance' :50);writeln;
for i := I to maxarea do begin

if (area(.1,i.).flag) then begin
writeln(area(. I i.).name
write('Pts =1:10,area(.1,i.).correct:3,',I','Total =':10,
area(.,i.).count:3, 1 ,'Percent Grade '1:17)

write ln(x:8:2);
write in;

en;end; .*if*)
sugge sthe ad;
for i := I to maxcat do be in

if (problem(.i.).flag? then begin
writeln( problem( .i.) .name)i
write(IPts =':10,problem(.i.).correct:3,',','Total =':10,
p~roblem(.i.).count:3,',','Percent Grade '7)
x,:(problem(.i.).correct/roblem(.i.).count)*100;
writeln(x:8:2);
if (problem(.i.).wrong <> 0) then be En

writeln(' You shoul~d review as follows':32);
for k :=1to pble(i)wogdbgn

writel( pro lem(.i.).rong do begi
end; (*for*)

writeln;
if x < 50 then

writeln('** Study morel You are weak here. **':40);
if problem(. Ii.).wasy > 0 then begin

writeln(' * Be careful on easy question! *)
write( You missed' problem( .).wasy:3);
write I of them in the total of')
writeln(problem(.i.).easy:3,' *1);'

end;
writeln' I_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

end; (*i*)
writeln;

en;end; 5*if*)
end;

Procedure Di splay..question*
*This procedure calls procedure calculatel&2, decision,*

* evaluate, and make decision. Main activities are done in this *
* procedure, and is called by procedure select..chapter. Questions *
will be read from a file and dipa truhthe screen.**** **

procedure display..question(var count: integer ;var correct: integer;
var wrong :integer;var filename:text;

**1 var chapf :integer;var flag:boolean);
var
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sel boolean;
i,ml ri wl nl,m2,r2,w2,n2 integer;
p :reai;

bgi flag :=false;
mi 0, rl 0; wi 0;
m2 0;, r2 0; w2 0;.

wrong 0;

sel true;
while sel and not eof(filename) do

begin
read(filename symbol);
if sybl= he

bin
sel false;
readln(filename,question);

end (*if *
else

begin
soace~l);
while not ',symbol = $)do

readn~flenmequestion);
write (symbcl); write2.n(question);
read(filenane, sV7,bo.,,);

* end;(* while *)
readln(filename question);
write(') writeln(question);
spaceW(1
compareanswer(count,correct,wrong,i,fi-lename,

end; ( else*chp;
if con ithen begin

clearscreen-
decision p p el chapt,flag);
evaluate chapt5;
clearscreen-
make decision(p,sel,chapt,flag);

end (3rif*)
else if (count >n1) and (count = nl-in2) then

beamn
flag :=true;
calculate2,,chapt,correct,wrong,count,p,n2,r2);
clearscreen;
decision Psel chapt,flag);
evaluate (chaptS;
clearscreen-
make decision(p,sel,chapt,flag);

end T*else*)
end;(* outer while *

end; (* procedure *

Procedure Storedata*
*This procedure is called by procedure process to store*

* the datas of what chapter student have done, number of questions,*
nubrcretand incorrect answer in each cha~ t.er.*

procedure storedata(var c:integer;var cor:integer;var w:integer;
chapt:ainteger);

var
bgni :integer;
bgnfor i 1 to maxchap do begin
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if (chapter(.i.).num chapt )then begin
chapter(.i .count := C;
chapter(.i .correct := cor;
chapter(.i. .wrong := w;

end; (* if *)
end; (* for *)

end; (* procedure *)

Procedure Readchapter *
* This procedure is called by procedure what chap terl&2 to *
* input which chapter student want to test upon and he data is *

passed out to some other procedures durin5 session. *

procedure readchapter(var chap : integer);
var

flag:b colean;
c: char;v. begin

-flag : false;
while not flag do begin

readin(c';
if c = ' 2' then begin chap := 2; flag := true;end
else if c = '2' then begin chap 2 3; flag true;end
else if c = 3' then begin chap 3! flag := true;end.. else lif c = 10, zhen begin chap : 0'; flag t= true;end

else begin
.rae'n( type again only number please )
flag false;

end; C'else*)
end; (* while*)

*end; (* proc*)
procedure whatchapter2(var chap integer);
negin

space(5);

writeln * * :66 ;
writeln * " PRIVATE PILOT STUDY GUIDE *1:66
writeln * SELECT ONE OF THE FOLLOWING * :66
writeln *1:66
writeln * TYPE 1 ..... for NAVIGATION *1:66

-n writeln * TYPE 2 ..... for RADIO NAVIGATION *1:66
writelnQ * TYPE 3 ...... for NIGHT FLYING *1:66
wriaeln( * TYPE 0 ..... for SELECTING ANOTHER BOOK *1:66;
writein * *1:66ilwriteln, *************************** :66;
readchapter(chap);" r z:e -n -' ,chab:2);

end;
procedure what-chapteri(var chap : integer);
begin

space(S);
write ln( '* :6)
writeln( * *:66
writeln" * " STUDENT PILOT FLIGHT MANUAL " *1 6
wr:te .n* SELECT ONE OF THE FOLLOWING *1:66

writeln TYPE I ..... for PART - ONE *':66
writeln * TYPE 2..... for PART - TWO *':66

-writeln* TYPE 3 ...... for PART - THREE *1:66
writeln * TYPE 0 ..... for SELECTING ANOTHER CONCEPT *':66
writeln * *1:66r writeln ********************************************************:66,

readchapter(chap);
writeln 1:',chap:2);end;

procedure begin-chapter(chap:integer);
-g-- space(7);
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writeln(' .160)
writein (*THIS IS THE BEGINNING OF THE LESSON *-:60)
writeln( *1:60)
writeln ( * ** *** **~******** 6)

en;c earscreen;

Procedure Input question*
* - * This procedure is called Sy procedure process. After the*

* student selected any chapter to test then this procedure will *
* determine how many questions in each test and also in each set *

Ofqesinsfrthe sntem to use these informations later.*

procedure inout-question(chap:integer~var filenarne:text);
var ne

* chapt~~-er rca.)bok:
:readln( filenarneq)
chapter(.chap.).bck q.
readln(filename,q);
chaptez-(.chap.) *crit q;
readln filernameq)

en;Cna:Dter(.chap.).coup q;

* g~rocedure end chapter(chap :integer);
egnspace(7);

writeln( *:4)

writeln (* THIS IS THE END OF THE LESSON *1:54);,
writeln~ 1**54?

write in( ***************** :5)

c earscreen;
end;

procedure ask-conclusion(var chap:integer);
var

ch : char;
bgnflag :boolean;
be 1na~g :true;

space (7);
write-'n(: '166

writeln( DO YOU WANT TO SEE THE RESULTS *:6 6
writeln* *1:66l
writeln (*YES PRESS 11ANY KEY "1 *1:66
wr:.teln(I* NO PRESS "1 N 11 *1 :66
writeln (,* *1 :66
writeln( :6

if ch = In" or (c~i I N') then flag :false
else begin

page;
one-chapterconclusion(chap);
clearscreen;

* end;

end;

*This procedure is called by procedure selectchapter. Five *
* procedure are called by process for the purpose of eliminating *
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reudac in procedure selectcha~ ter.*

procedure process(var cou :integer;var cor:integer;var wr:integer;
var chap:inte er;var sel:boolean;var flag:boolean;
var filename: text);

var cont : char;
bgninput Iquestion(chap, filename)-

display-.question(cou,cor,wr,filename,chap,flag);
storedata(cou,cor,wr~chap);
end -chapter (chap);
ask-conclusion c hap)
pageZ

en;continuesession(cont,sel);

~. ~- Procedure Selectchapter
*This, procedure calls procedure process after determined which

a * chapter is needed by the student to work on. It is called by
* rocedure open-..close...session after knowing the student want to *
* egin the test. This-procedure is designed to work only two*

* concepts and only three chapter in a concept.*

procedure selectchapter(var select : boolean;var count:integer;
var correct:integer;var wrong:integer);

* . var
chap :integer; (*number of chapter *
cont char; (*read yin to continue next chapter *

* ,flag :boolean;
begin

flag :false;
chap :0;
select : true;
while select do begin

case book of
'0' select :=false;
'1' begin

what..chapterl (chap);
page;
case chap of
O : select :=false;
1 : begin

begin..chapter (chap);
part(.chap.).subname := '"PART -ONE" (Before Flight)';

part(.chap.).fsub := true;
reset~filel, 'filel text');
process(count,correct,wrong,chap,select,flag,filel)

2 :begin space(7);
writeln( FILE IS EMPTY, NO QUESTION I)
writeln(' ..NEED TO BE FILLED IN.. ');
clearscreen;
continuesession(cont,select);

end;
3 :begin space(7);

writeln ('FILE :S E-MPTY, NO QUESTION!
writeln(' . .NEED TO BE ?ILLED IN..')
clearscreen;
continuesession(cont~select);

end;
'' end;(* case *) end;

whatchapter2(chap);
page;

i.,- ~.case chap of
C.3 0 :select :=false;

1 : begin
writeln(' FILE IS EMPTY, NO QUESTION !');
clearscreen;
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continuesession(cont,select);
end

2 begin spaceM,)
writeln( FILE IS EMPTY, NO QUESTION !');
clearscreen;
continuesession(cont,select);

end;
3 begin space 7);

writeln( 'FILE IS EMPTY, NO QUESTION I)
clearscreen;
continuesession(cont,select);

end;
end; (* case *) end;
'3' select:= false;

end; (* case *
end; (" while *

end; (, proc

:)rocedure goodbye;

space (8);
writein('***************** 54
writeln(1* V1:54)
writein( '* HOPE TO SEE YOU AGAIN * .54)
writeln '* *1:54)

s:)ace(4);
clearscreen;

end;

* historical text file and also compare student'tsiperformance*
* between his last test and the present test. It is called by*
* Procedure Conclusions at the end of the session.*

* procedure inputfile (y :real);
var found :boolean;
begin

reset(pilotf,'iltf data');
rewrite(temp file,'tempfile data');
found := false;
repeat

read(pilotf,pilotnum);
if (testnum = piltnum;) then begin

write (tempfilepilotnum:lO);
read(pilotf, i iotname);

writeln : Your last test was on I pilotdate,.)
writln(I And the grade was ', piiotgrade8

if pilot grade >y then beginwrite-ln(I Your grade today was',y:8:2,1.1 *

writeln(' You are weaker thn lst time,"Study harder"!');
end

else if piiotgrade < y then begin
writiln( Your grade today ws',:l ,.)
writeln( Good, you are improving?);

en d
else

writeln(' Your grade today was1,y:8:2,',',' SAME');
pilot rade y;
pilot ate :=todaydate;

wr-ite~tempfile~pilotdate:15); writeln(tempfile,pilotgrade:8:2);

end(*,if*)
else begin

writetempile~ ilotnuni:1O);
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.4.writetmfl ponarne:20).
read(pilotf,)1 otdate); readin(pilotf,pilotgrade);

writeln(ternpfiie,pilotgrade:8:2);
end; (else*)

until eof (pilotf)
if not found then

writeln(tempfile, testnun :10, narne:20, todaydate:15, y:8:2);
reset(tempfile,!Iternpfile data');
rewrite(pilotf,'pilotf data');
repeat

redtempfile,pilotnum).
* . read (tempfile,pi.otname);

read( ternp file,pilotdate). readln( ternpfile ,pilotgrade);
4 write pi-otf,pilotnum:lo write (piJ.otf,pilotname:20)

* - until eof(ternpfile);
end;grocedure headingconclusion;

egnspace (6);

writeln('**15
writeln( 1* FINAL SECTION: *2:57

*writeln (1* SCORES AND COMMENTARY *1:57

writeln( *2:57

space (4);
clearscreen;

end;

Procedure Conclusion*
*This procedure will be called at the end of the session. *

'~It provides all informations of what have been done by the*
Sstudent and also provides student's difficulties and details *
* recommendations in each test.*

procedure conclusion;
var

i,j,k : integer; (*index *
bgng : real;(* grade *

writeln('=-------------------------------------
writeln (SCORES AND COMMENTS 2

for j : 1 to maxpart do begin
while (part(.j. ).fsub) do begin

it (= 1) or (j-2) then begin
space (1);
write ln(books(.1.).nane:40);
space(l);
writeln(part(.j.).subname :38); space(l);

end (*if*)
else if (j = 3) or ( j = 4) then begin

writeln(books(.2.).name:45); space(1);
writeln(part(.j.).subname :37); space4l);

end; (*elsew)
writ~eln('THERE ARE' :17 ,cha ter(.j.).block:3,' QUESTIONS.);
write(chapter(.j.).crit:12);
writeln(Icritical questions: ':21);
write(chapter(.j.) .comp :12);
writeln('complernentary questions.' :26);
write chapteri(.j.).sup:r:2);
writeln('supplernentary questions.' :26);
space(1) the

writin~lo have answered only the critical questions set'
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-54)
else if(chapter(.j.).couit=chapter(. j.) .crit +

chapter( .j.).comp) then
writeln(lyou have answered both critical and complememtary'

else if(chapter(.j.).count=chapter( .j.).block) then
w riteln(' you have answered all the questions': 45),writeln( 'Tota]. correct answers =1:36 ch aper( .j).correct:5)

writeln('Total incorrect answers =I:38,chapter(.J.).wrong:5);
writ eln-
if (e *j.)fag = true) then

writ n~rc(.j.).ex:46)
else if (rec(. j.).flag2 = true) then

writeln(rec .j .)._poor:45)
else if (rec(. j.).flag3 = true) then

Writeln(reck Cj).av:45).
:=(chapter(. 2 ).orrect/chapter(.j.) .count)*100;

inautfile(g); (* cornpare to history)
Sp ace (2);

writeln('Following is a report of your performance':50);
writeln;
for i := 1 to maxarea do begin

if (area(.j i.).flag) then begin
writeln('area(.j,i.).name).
write('Pts =':l0,area(.j,i .).correct:3, I ,'Total =1:10,

x : (ara(.,i.).correct/area(.j,i.).cout*0 'A
writeln(x::)
writeln;a end;end; (*if*)

ed(*for*)
suggestnead;

N for 1i: 1 to maxcat do be ein
if (problem(.i.).flagj then begin

writeln(problem( .1.) .name)i.- Ttl=:0
problem(.i.).count:3,',',Percent Grade 'I:17);
x:=(problem(.i.).correct/problem(.i.).count)*100;
writeln(x:8:2);
if (problem(.1.).wrong <0)tebegin

writeln(' You shoul~d review as fo].os 3)
for k := 1 to problem (.i.).wrong do begin

write(k:5,1))
writeln(prob lem(.i.).comm(.k.));

end; *o*
writezn ;(*o)
if x < 50 then

writeln(,** Study more! You are weak here. **1:40);
if.problem(.i.).wasy > 0 then begin

writeln(' ** Be careful on easy question! *)

-. write (' You missed', problem(.1i. Y.wasy :3);
write (' of them in the total of');
writeln(problem(.i.).easy:3,'.');

end;
writeln' I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _I

end; (*if*)
writeln;

en;end; S*if*)

clearscreen;

end- part(.j.).fsub :false;

end; (* else *
* end; (*procedure *

Procedure open close session
*This procedure receives the boolean flay from procedure

* beginsessioni, if true then the session wil Ibegin otherwise*
* it will set program flag to false and exit the program.*
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procedure open...close_session(var continue:boolean;var select:boolean;
var count:integer;var correct:integer;var wrong:integer);

var y :real;
bgnif continue = false then begin

next t=false;
headingconclus ion;
conclus ion;

end
else selectchapter(select,count,correct,wrong);

end; (* procedure *

MAIN PROGRAM'*)

begin
-: page;
* welcome;

initializevalue;
repeat

beginsessioni (continue)z
,en close session(contnue,choose,nunq,right,wrongq);

until next = false;
goodbye;

end. (*end of program *
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